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PEEFACE. 


The local importance of the Scottish Sliale Oil Industry 
has received recognition in practical treatises on petro¬ 
leum, and in the most recent of such works particulars 
arc given of the processes of manufacture which have 
been successively adopted. There is, however, so 
much that is instructive in the hitherto unpublished 
details of the development of an industry in which, 
under the stimulus of keen competition, remarkable 
technical skill has been exhibited, that the Author 
has been encouraged to attempt to deal with the 
subject more fully than there has been opportunity 
for in works of a comprehensive character. In former 
years the Author felt the want of such 'a source of 
information as that which he has endeavoured to 
supply, and he therefore ventures to hope that the 
result of his labour will be found of value not only by 
those who are about to become actively engaged* in' 
the industry, but also by the large number who are 
already directly or indirectly interested ip it. 

The Author feels greatly indebted, and wishes to^ 
express his thanks, to many friends and strangers 
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who supplied him with historical and other infor¬ 
mation, and more? ^specially to his colleagues, Messrs. 
J«HN and the late Alexander Lumsden, 

who most gjincrously placed information regarding 
apparatus, &c. (in use before the Author was connected 
with the trade) at his disj)osal. 


Brooklyn, 1897. 
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GIIArTER J. 

IIISTOUICAL. 

Triii irapnrtaiit purl lluil the paraffin oil trade plays 
in Scotch majiutacturiiis;' iiidnstries makes it deserving 
of a short liistory of its origin and suhse(jue.ut develop¬ 
ment heing ictorded. 

The late. ]\Ir. James Young, of Kelly, was the first 
to manufacture j»arattiii oil on a commercial scale ; it 
might not therefore he out of ])lace to deviate slightly 
here, and, in takhig a passing glimpse at his early life, to 
note the immediate cause of his starting this important 
industry. 

Born in the year 1811, in humhlc circumstances, 
Mr. Young at an early age was ajiprentiecd to his 
father—wdm was a carpemter and ealanet maker by 
trade, in the city of (llasgow. Y'hilc at this employ¬ 
ment lie attendial Professor Graham’s evening lectures 
on chemistry, and in a short time became so proficient 
in that science that he was appointed demonstrator 
^nd assistant to the Piofessor. He held this appoint¬ 
ment for seven years, and after that went as manairer 
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i/u j.Yi.u!ipratt’s Chemical AVorks at Newton, near Liver-^ 
pool, wjierc! he reulained for four and a half years. 

^Abqut tke year 184.1 he accepted an appointment at 
Tennant’s AVtu'ks at Manchester, and while tliere Dr. 
Lyon I’layi'air acxjnaiTited him of the fa(d that petro¬ 
leum wiis oozinif out of erack.s in the .sand.stone roof of 
the lliddin^s (iolliery, at Alfreton, Derby.shire, wliich 
bcloncetl to his (Tliiyiair’s) brothei-in-law. After a 
Ciireful e..\amiiiation, A'oung advise<l his employer to 
work the peti'oleum with a view to converting it into a 
prolitable busiiu'ss ; but his em])loycr tlioueht it would 
1 k! too sni.all a liusine.ss I'or hi)n to interest liim.self in, 
so Young took a. le.'ise of the oil-beai ing jjortion of the 
mine himself, and, with Mehb'um (whom he h;ul met 
at I’rofessor (irfiham’s classes) as p.artner, .started work 
in the year 1848 manufacturing piiraffin oils. At that 
time only two kinils of oil were made by A'oung and 
Meldrum—one, a thin oil for burning i]i lamps, and the 
other a heavy one for lubiieating purpo.scs. JMeldrum 
had charge of tin; oil work, and Young continued his 
duties in the employment of Tennant. 

The. supply of the crude petroleum was .at any time 
liable to become exhausted—as it did in 1851 ; and 
Ahmng, being fully alive to this fact, and being of 
opinion that the oil was a prodm-t from coal that had 
been subjected to subterranean heat, he experimented 
off and on for over two j'ears on the “ artificial ” pro¬ 
duction of petroleum. English coal that came to 
Tennant’s yard for consumption in the furnaces was 
the first to be experimented with, with varying result^, 
but at last a liquid which contained solid paraffin was 
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obtained from canncl coal. About this time (1850) 
Bartliolomew, of the (hty and Sul'urban Gas^ Works, 
Glasgow, showed Young a piece of Boghead ^ coa^ or 
“ Torl)anchill Mineral ” ; as it proved to be very rich 
in oil, Messm. Young and ]\leldrum immediately experi¬ 
mented with all tlie diiferent 'S'aiieties of Scotch eoiils 
they could obtaiji, and they found a number of the 
Fifeshii'c coals gave results that compared very favour¬ 
ably with those obtained fi'om the Bogliea'1 coal, 

Gj) the occasion of a meeting of tlie British As.socia- 
tiou in I’idinbm-gh in I SoO, .Messrs. Young and Meldrum 
Hjroke U) Mr. Benney on the subject of manufacturing 
paJ'aflin oils from Beoteli coals, and the outcome of the 
couver.sation was that the throe gentlemen decided 
to erect a work at Batligatc, Linlithgow.shirc, for the 
manufaetuia- of oil from Boghead coal. They had 
serious thoughts a.s to whether it would not be better 
to st.irt on the Fifeshire .side, but as Boghead coal was 
the cheaper they decided on Bathgate, and commenced 
building the wiirlcs in J850 and manufacturing oil in 
1851. The eonti'act of co-pailucry between Young, 
•Meldrum and Benney was signed in October 1851. 

Having thus .shortly traced out the origin of the 
Scotch mineral oil industry as regards “ Boghead coal,” 
it is now interesting to see what ineident led to the 
manufacture of oil from “shale.” According to an 
article entitled ‘ Struck lie, or the Scotch Betrolia,’ 
whicji appeared in the Gla-yow Wwhhi Herald of 
November 18, J8G5, a poor miner of the historic name 
Pf Douglas, .who had chaige of boring ope.ration.s for 
some coal-mastcr.s. one dav in.structed the borers in his 
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charge to keep samples of all the different minerals 
through^which tlfe'boring instruments passed. Among 
Yhe samples'- were some pieces of “ Scaly Blaes ” which 
arrcitcd his attention and set him thinking. Taking a 
clean clay tobacco pipe, and filling tlie bowl with the 
broken blaes, lie cemented the top with soft clay and 
then placed the bowl in tlie fii'e. In a short time gas 
poured out in miniature volumes from the pipe stem, 
and then a black fluid began to drop from the orifice. 
After repeating this experiment over and over again, he 
suspected this “ black fluid ” contained paraffin, but had 
no means of testing it; and, rather than take into his 
confidence somebody who would have been able to help 
him, and make his discovery of pecuniary value to him, 
this canny Scot preferred to keep his knowledge to 
himself, and consecjuently the results of his experiments 
did not come to light until too late to be of any value 
to him. 

llobcrt Bell, Esq., of Clifton Hall, Linlithgowshme, 
kindly furnished the author with the following state¬ 
ment : “ In the year 1859 I took a lease of the Brox¬ 
burn minerals, and shortly afterwards, while searchingt 
for coal, came across large quantities of shale. When I 
saw the manner in which this shale burned, I determined 
to experiment on it, and had experimental retorts erected 
at Wishard, where large numbers of samples of the shale 
were distilled. The results were so encouraging that I 
immediately made arrangements for working the Brox¬ 
burn minerals on a large scale, and thus started the 
manufaeture of mineral oils from shale in the year 1862.”, 

As we have already seen, 1850 was the red-letter 
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,year of the Scotch mineral oil industry, as at the latter 
end of that year hlcssrs. Young, Mcldrum anduBenney 
commenced building the famous Bnthgate^Oil^ Wojka,* 
which were completed early in the year 1851. 

In the contract of co-partnery Young agreed to 
supply the process for manufacturing the oil (which 
process he had protected by patent rights before setting 
^up the retorts), Meldmm undertook to take charge of 
the works and per.sonally superintend the manufacturing 
details, while, in Scotch phraseology, Bcnney “ put up 
the rocks ”—not the shale rotiks, but that medium of 
commerce more generally known as pounds, shillings 
and pence. 

The retorts that were first erected at Bathgate were 
of the ordinary horizontal gas-retort type, which gave 
an oil of such poor quality that Young felt very dis¬ 
satisfied, and after the lapse of about two years he 
instituted the use of vertical retorts. The quality of 
the oil and expeditiousness with which the coal could 
be handled, resulting from this change in the form 
of retort, was so satisfactory that—according to James 
•Taylor, one of Young’s first employes—when Young 
entered the works one morning, about a fortnight after 
the new retorts had been in operation, and had made 
his usual simple tests of the crude oil, he suddenly 
rushed over to where Mcldrum stood, and, after nearly 
capsizing that gentleman in his enthusiasm, caught 
hold,of his hand, and, whilst vigorously shaking it, 
gasped out, “ Meldrum! I congratulate you, for our 
fortunes aremade.” 

The contract made by Young and Co., for Bog- 
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head coal was in^ October 1850, at the rate of 13s. Gd. 
^er ton,fbu^at the latter end of August 1860 the price 
hadiri^p to 26s. per ton. One ton of this coal yielded 
about 22 lbs. of solid paraffin (O’098 per cent.), which 
substance was considered troublc.some, and as much as 
possible was .sent away in the different grades of oils, 
while that which separated from the oils of its own 
accord was removed and burnt. 

In 1854, Young commenced to .separate the solid 
paraffin—by artificially cooling the oil—and stored it 
up in large quantities in the works, but it was not 
until 1858 that a practical process was discovered for 
refining it. It was greatly due to the inexhaustible 
energies of John Galletly, Young’s chief chemical adviser, 
that paraffin wax became a commercial article in 1859. ■ 

Great curiosity was, of course, manifested by all in¬ 
habitants in the neighbourhood, and for miles around 
the Bathgate Oil Works. To prevent too inquisitive 
people from learning or seeing too much of the methods 
and machinery used in making and refining the crude 
oil, a massive stone wall, calculated to withstand an 
attack of artillery, was built round the works; and the" 
two heavy wooden gates, which afforded the only, means 
of ingress and egress, being constantly guarded, caused 
tjie works to be generally spoken of as “ the secret oil 
works." Young was fully aware that even the above 
precautions were not wholly adequate to prevent men, 
'who might gain admittance in the guise of workmen, 
from learning his secrets; and therefore, to make his 
secrets doubly secure, he adopted names for the various* 
■products, which, to the uninitiated, gave no what- 
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ever as to the stage in refining to which any of^ the 
products belonged. For instance* ht 'called crude oil 
Black Liquor; crude oil after distillation, Gi^en Liquor { 
lubricating oils after the e.xtraction of the was,'and 
before the acid and soda treatment. Blue Oil ; and re¬ 
fined lubricating oil, when ready for the market, was 
termed Finished Liquor. 

In 1851 two oil works were in existence in Scot¬ 
land, one being the Bathgate and the other a small 
work at Crofthead ; which latter was of small account, 
and only did business for liarcly a year, thus leaving 
only the Bathgate work in existence in 1852. 

In 1853 the Clydesdale (diemieal (’onipany, often 
erroneously called the Cambuslang Oil Company, started 
in the oil business, and its operations led to one of the 
most famous lawsuits ever tried by jury. The trial 
commenced on November 1, 18G0, and lasted over a 
week, during whhdi time the services of (Ireat Britain’s 
most eminent chemists were Itrought into recjuisition 
by cither one side or the other, theii" te.stimony being 
taken with a view to determining the line of demarca- 
' tion between shale and coal. The Clyde-sdalc Cliemical 
Company’s works were built at Cambuslang by Brown 
Brothers and Co., with Bain (on wlio.se estate the works 
were situated) as sleeping partner. When operations 
were first commenced, crude oil was produced fro&i 
Parrot coal, but the company eventually resorted to the 
use^f Boghead coal, which they retorted by the process 
known as the Continuous Distillation in Ovens, obtain¬ 
ing by this nroeess a yield of 85 to 90 gallons, of 880 
specificcrude oil per ton of coal. Eefining 
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operations were also carried out at these works, and^ 
everything went ulohg prosperously for about seven 
*^ears. AsVtlie company was using an infringement of 
Yofhig'^ patent, it very naturally made every endeavour 
to prevent ‘the nature of the work it was engaged in 
being made public; but notwithstonding every pre¬ 
caution being taken, word reached Young’s ears of what 
was going on in those works, and he immediately 
started the law plea above refeiTod to; and, l)cing' 
awarded a favourable verdict by the jury, he stepped in 
and relieved tlic Clydesdale Co. of fiOOO?. and 3rf. or 
3id. on every gallon of crude oil manufactured by it. 
The result was disastrous to the company, which was 
completely ruined, and Brown Brothers withdrew from 
the business in 18G2 ; but Bain took Carlilo (who had 
previously been acting as chemist for the company) 
into partnership, and the new firm carried on the busi¬ 
ness under the name of Thomas Carlile and Co. until 
the year 1867, when the work was finally abandoned. 

In 1857 three oil works were in existence, when 
Miller and Sons had started their work at Aberdeen, 
where crude oil was produced from Boghead coal. This* 
work did a flourishing business in both crude and refined 
oils until the year 1864, in which year the work was 
closed, owing partly to the high price of Boghead coal, 
but perhaps more particularly to the fact that Young dis¬ 
covered that Miller and Sons were infringing his patents. 

In 1860 Sir James Simpson started a work at 
Oakbank, Mid Calder, Midlothian, and, after receiving 
fairly good returns from his investment for three years, 
he formed a private company which was vel^success- 
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and led to the oil work and mineral fields finally 
becoming the property of a limited liability company 
which was floated in the year 1869. * 

Dougal and Bi'othcrs’ oil work was also start!si**in 
this year, near Blackburn House, Blackburn, finlithgow- 
diire. The work might have been in operation to this 
iay had the supply of shale held out, but, as it was, the 
supply of that commodity only fed the thirty retorts 
for two to three months, and, after spending 8000/. in 
1 fruitless seart^h for more .shale, their retorts to the 
][uery “How’s the oil l)usines.s? ” were cold indeed. 

Simp,son started a work at Benhar in this year, and 
it was in operation until about 1874, when it became 
the property of a limited liability company floated by 
Simpson; but before the company had a chance to get 
started they found the capital had all been absorbed. 

In 1861 five new works sprang into existence, some 
Df which only lived for a year, and some for eight 
to nine years. The longest-lived was the Harthill Oil 
Work, owned by Paul and Grey, who had a ready 
buyer for their crude oil in the Inverkeithing Oil Works 
Company, when the latter started refining in 1864. 

In 1862 seven more works were started, of which 
;he West Calder Oil Company’s (also known as Fell’s) 
Work, situated about half a mile from West Calder 
tillage, was the most important. This work wad 
jriginally intended for the crude oil business only, 
out ^ter a few years of prosperity, the company 
aunched out into the refining business aleo. This 
pove was the principal cause of the downfall of the 
;ompanyJ((}^ause the market value of finished products 
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fell to such an extent, just when the refinery was ready, 
to staijb, that the* anticipated returns from the money 
invested id the erection of the refining plant were never 
realWeS. The company failed in 1879, and its work 
was bough* by Young’s Paraffin Light ami Mineral Oil 
Company, Limited, who pulled down all the apparatus 
that was of any worth and transferred it to their 
Bathgate and Addiewell Works. 

' In this year Bell sublet a portion of his shale fields 
to Fauld, under the condition that a stipulated quantity 
of shale be retorted per annum, and failing that the 
work was to be abandoned. Fauld built a work just 
north of Broxburn village, and set up thirty-six hori¬ 
zontal and thii-ty-two vertical retorts, but in a year or 
two found his inability to comply with the terms of the 
lease and had to confiscate his work to Bell, who about 
1865 let it to Steel, together with a lease of the shale 
fields, under the same conditions as Fauld had it. Steel 
found his level with Fauld after a very few months’ 
practical work, and therefore the Broxburn Oil Work 
(under which name the work had gone) again reverted 
to Bell, who then carried on the crude oil business him* 
self, until he eventually disposed of the work and shale 
fields to what turned out to be one of the most success¬ 
ful of the Scotch oil companies, namely, the Broxburn 
Oil Company, Limited. 

The year 1863 bi’ought forth eight more works, but 
only one of those needs special note, and it w^ the 
Addiewell* Works. The fast approaching exhaustion of 
the Boghead coal mines about the year 18^-60, cause^ 
Young to look around elsewhere for a new su^dy of oil- 
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jpelding material. As burning oil was at that time m 
greater demand and more profitabfe ^an the li^bricat- 
ing oils, or even wax, and as the Addiewell s'hales were 
known to yield a larger percentage of burning oils*filan 
any of the other shales. Young took a lca#3 of those 
shale fields and concluded to build a new work in their 
vicinity. The (iorner stone of the oil refinery was 
bid by Young’s intimate friend. Dr. Livingstone (the 
noted African explorer), and the works were completed 
about the latter end of 1865. This work will be re¬ 
ferred to more particularly under the year 1866. 

In the year 1864 no fewer than thirty-eight new 
works sprang into existence. One of these, started 
by Messrs. E. Carritik and Arnott, was known by the 
name of the “ Methyl Paraffin Oil Works,” and was 
situated at the north-east corner of Methyl “ old ” 
harbour, in Fifesliirc. The crude oil was made from a 
gas coal found in tlie Pirnie Parrot Coal Seam, which 
[ater on was found to the north-west at a depth of only 
twelve feet from the surface. The crude oil was refined 
and sold in the ucighl)ourhood for 3.?. 6rf. per gallon; 
Sut a year or so later a (‘.ontract was made to supply a 
Newcastle merchant with the oil at the rate of 2.S'. 6rf. 
per gallon. The tanks in which the oil was stored 
while in course of purification were made of brick and 
2 ement; but this method of storage led to such a large’ 
loss by leakage that the firm failed in 1868, and the 
memljers had to leave the country in order to escape 
irrest. Mr. Benney (on who.se estate the wrork was 
ptuated) carjied on the business until 1870, when he 
gave it unprofitable. 
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John Nimmo and Sons started a work at Thirlston^, 
near Grange PffnS, a^ the oast end of Boncss. It con¬ 
tained forty-two retorts in all, twenty-seven of which 
weKTround in cross section, and made at Juvcrkeithy, 
while fiftedn wore of the flat type, made by Ballantinc 
at the Grange Foundry. The original intention of the 
proprietors of this work was to manufacture oil from 
waste Parrot coal, hut finding it uuprf)fital ilc, they used 
Boghead Parrot and finally Methyl coal. The latter 
was .shipped to them in .sloo 2 )s from tlie north side of 
the lh)rth, and yielded about 40 gallons of 880 specific 
gravity crude oil per ton. Although a refinery was 
erected it was never put into use, and was eventually 
pulled down and sent to Slammanon. Tlie work was 
closed in the year 1867. 

In 1865 the number of new works that appeared 
on the scenes was eleven. Of these, the one built by 
the North British Oil and Candle Company, and situated 
at Laiiark, where the crude oil brought from Shott’s Oil 
Work was re&icd, has perhaps received more public notice 
than was either anticipated or wished for. This com¬ 
pany is noted as being the first of the Scotch companies 
to manufacture candles ; but it did not make a success 
of even that, and, after struggling along for a number 
of yeai's,.it was finally reconstructed in the year 1883. 

1866 is noted as l)eing the year in which the much- 
heard-of Young’s Paraffin Light and Mineral'Oil Com¬ 
pany, Limited, came into existence. It was s^^arted 
with a capital stock of 600,000f., of which about 
400,000f. was paid to Young for his l^thgate and, 
• Addiewell Works, together with the leases olSj^he shale 
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fields, &c., while Young retained a large holding in tE( 
company, and acted on the board of di»eetors. 

Although this company was fairly prosperous for 
some years, and had an output equal to about onft-tiifd. 
of the total production of the Scotch works ^!ombined, 
it cannot be said to have been a financial success of late 
years; ,due, firstly, to its having been handicapped, as a 
large dividend payer, by the burden of carrying such 
an excessively large capital, and secondly, being the 
first company of any importance, the works were 
necessarily fitted up with expensive apparatus and 
macliinery that proved in a few years to be unsuitable 
for refining the oils so as to suit the more exacting 
requirements of the later-day trade, and consequently 
extensive and expensive alterations in tlie plant were 
constantly being made. While this company was 
spending thousands of pounds on experiments and 
new apparatus, outsiders were carefully watching the 
results, and when new companies were formed they 
reaped the benefit of Young’s company’s experiences 
and built their works on more systematic plans, and 
^opted the use of only such apparatus as experience 
had proved was efficient, thus escaping the necessity 
and heavy expense of making radical changes. 

Had Young’s company adopted the policy of 
patenting its improved apparatus, &c., instead of rely-* 
ing on its employes to keep such matters secret, it 
would be in a decidedly better financial position to-day 
than it is, and some of the younger comparyes would 
be paying royalties to it instead of using its improved 
processes apparatus ad lib. Thirdly, Young’s 
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company met with a serious loss in the withdrawal of 
Mr. Young frt)ili tlie board of directors, as he was 
the only man on the board who liad had any really 
p'fet;ti6al experience in the miinufacture. 

Sixteefi other works, besides Addiewell, were started 
in this year, and of these only four will be specially 
noticed. One, the Uphall Oil Work, started by Messrs. 
Mcldrum, McLugan and Simpson, bad a successful run 
for some years. Meldrum supplied the necessary funds, 
McLagan the shale, as the work was on his estate, and 
Simpson took the management. This work became the 
property of the Ophall Oil C^ompany, Limited, in 1871, 
and of Young’s company in 1884. 

Another work was the Coatbridge Oil Work, which 
was locally known as the Waterford Oil Work, on 
account of most of its officials and workmen being 
Irishmen. The work was situated at Kirkwood, near 
Coatbridge, and consisted of 109 Griffiths’ patent 
retorts, and a refineiy that was capable of handling 
the crude oil produced by the other works in the 
district as well as its own—the total amount of crude 
oil it refined averaging 2,746,000 gallons per yeav. 
The gas coals of the district, bonnets and shales of 
different kinds, were retorted, and yielded about 40 
gallons of crude oil per ton of mineral. This work was 
sold in the year 1878, but, owing to the purchasers 
failing to obtain a lease of the minerals, it was closed 
after that date. 

Anotlier notable company was the Glasgow Scottish 
Oil Company, which was a private concern that erected 
a work at Burngrange, West Calder, amlNs^t out of 
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existence the same year—after making 10,000 gallons 
of crude oil at a cost of 10,000Z. ' • • 

Lastly, the Hermand Oil Work, started by Dennit 
and Brown near West Calder, was noteworthy bn 
count of the seam of shale worked by this jconcern— 
and named after Dennit—afterwards turning out to be 
one of the most valualde scams in the West Calder and 
Addiewcll districts. The work was abandoned in 1873. 

In 18G7 one new work, tlie Sterlaw Oil AVork, was 
started. It was situated at yierlaw, near Batligate, and 
was built by Meldrum, McLagan and Simpson, for the 
production of crude oil, which latter was sent to the 
Uphall AA^ork to be refined. 

The year 1808 was fruitless, wliilc 
In 18G!) only one new work and one company put in 
an appearance. The company was registered under the 
name of the Oakbank Oil Company, Limited, and had a 
capita] of 60,000Z. It took over the Oakbank Oil Work, 
built by Simpson in 1860, and which was the property 
of the Mid Calder Oil Company in 18G3. The Oak¬ 
bank Company was very successful at the start, but the 
oonstantly decreasing prices for finished products, to¬ 
gether with the adoption of a bad form of retort, 
brought it to the verge of bankruptcy in 1886, and 
necessitated its reorganisation. The extension to the 
works and general reorganisation were completed iri*“ 
May 1887, after an expenditure of 30,236^., and the 
compajiy was then placed once more on an equal footing 
with its competitors. • 

In 1870 two n6w works were started, but were of 
no special note, and 
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In 1871 two more new works started operations and 
one old work okangld hands. 

of the new works, that of, the Dalmeny Oil Company, 
bimited, will be specially referred to. This company 
has been ^a phenomenal success, and as it has always 
been a crude oil work only, and has not had any special 
advantages as regards shale fields, &c., it points to the 
fact that there is not much profit in refining unless 
done on a sufficiently large scale; and if some of tSe 
other ventures had followed the Dalmeny Company’s 
example, and stuck to the crude oil business, and left 
the refining to those more capable of doing it, it would 
have been better for aD concerned. 

The new company formed this year was the Uphall 
Oil Company, Limited, capitalised at 170,000?., which 
bought the Uphall and Sterlaw Oil Works, built by 
Meldrum, McLagau and Simpson, 18G6-67. The com¬ 
pany eventually met with insurmountable reverses, and 
being unable to do any better, finally amalgamated 
with Young’s company. 

In 1872 two small new works were started, one 
near Paisley and the other at Benhar. 

In 1874 a limited liability company was formed to 
take over Simpson’s “Benhar” work, but the capital 
was all absorbed, and Simpson suddenly found a change 
^f climate necessary for his health. 

In 1877 the famous Broxburn Oil Company, Limited, 
was floated, with a capital of 180,000?. This company 
bought up the oil work and sliale fields acquired by 
Bell in 1862. Bell, besides being a large stock-holder, 
also took an active interest in the management of the 
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company, which latter has been one of the greatest suc¬ 
cesses in the history of the Scotch oil industry. , 

The Straiton Oil Company also started in this year, 
with a capital of 50,000^ It was anything *butr*a 
booming success, and will be again noticed injl882. 

In 1880 the Walkinshaw Oil Company, Limited, 
with a (Mipital of 120,000^., bought up the Abercorn Oil 
Work (which had been built near Inkerman in 1871 ), 
and also a work built by Jas. Greenshields and Co. near 
Johnstone in 1866. This company, like many others, 
was more heard of in the Liquidation Court than else¬ 
where. 

The Clippens Oil Company, Limited, with a capital of 
860,000^., bought up the Clippens Oil Work (started by 
Benncy in 1871), together with the Pentland Oil Works. 

In 1881 the Burntisland Oil Company, Limited, 
was floated, with a capital of 20,000/., and took over 
the Biimend Oil Work. 

In 1882 the Straiton Oil Company, Limited, got 
into .such straitened circumstances that it had to be 
either financially reconstructed, or give up business. 
As there still appeared to be plenty of people with 
more money than brains, ready to rush blindly into the 
oil business, sufficient capital was soon raised to buy 
out the Straiton Oil Company, and carry on its bu^ 
ness under the name of the Midlothian Oil Company, 
Limited—see 1884. 

In^1883 the oil craze seemed to take a fresh spurt, 
no less than six new companies appearing on the field:— 

The Bathgate Oil Company, Limited, capitalised at 
50,000/., and works at Seafield. 
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The i'anipherstoii Oil Company, Limited, with a 
capital of 70,060’/., and works at Pumpherston. 

The Westfield Oil Company, Limited, with a capital 
'o'fi25,000/., bought the old Capeldrae Oil Work. 

The ^estlothian Oil Company, Limited, with a 
capital of 100,000/., erected a crude oil works at Deans, 
and bought Simpson’s old Benhar work and used it as a 
refinery. 

The Philipstoun Oil Work, started by the private 
company “ Jas. Boss & Company,” two miles east of Lin¬ 
lithgow, with, it is said, a capital investment of 60,000/. 

Last but not least as far as trouble goes—the 
Lanark Oil Company, Limited, which spent 80,000/. 
on improvements at the old Lanark wmrk of the late 
North British Oil and Candle Company. The company 
also acquired Fernic’s tumbled-down Cobbinshaw Oil 
Work, at which latter work they produced the crude oil 
and distilled it, sending the distilled oil to the Lanark 
work to be refined. After running two years, the direc¬ 
tors found it advisable to reduce the original aipital of 
10,000 shares of 10/. each to 10,000 shares of 6/. each ! 

In 1884 oU companies were harder to float, but not¬ 
withstanding that fact three new companies were formed 
and two changes of ownership took place. 

The new companies were:— 

The Linlithgow Oil Company, Limited, with a capital 
of 200,000/., and works at Champfleurie, Linlithgow. 

The Holmes Oil Company, Limited, capitalised at 
100 , 000 / 1 , and having a work at Holmes, Uphall. 

The Millburn Oil Work, owned by the private com- 
ipany of Smith Brothers and Hurling. 
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The changes in ownership were, the amalgamations 
of the Uphall company with Young’s company, and the 
Midlothian company with Clippens’ company. 

In 1886 the Hermand Oil Company, with a tapit&l 
of 265,750/., built a crude oil work at West Calder, and 
did a fair business until it took the Walkinshaw Oil 
Company into amalgamation in 1890. The principal 
reason for the amalgamation was to secure the Walkin- 
siSaw company’s refinery, which had been standing idle 
since 1886. It of course entailed the expenditure of a 
very large sum of money to put the refinery into 
working order, not to speak of the new and improved 
machinery that was bought “ to enable the company to 
manufacture or refine oil as cheaply as its competitors ; ” 
and, when everything was ready to start, the company 
concluded that, as market values had taken a sudden 
drop, they would close up both their works until the 
market improved again. Both works are still closed ! 

The year 1887 was a black one for the Scotch oil 
trade generally, as will be seen later, but notwithstand¬ 
ing that, it was only too apparent the backbone of the 
tsado was broken. 

In 1889 the Caledonian Mineral Oil Company, 
Limited, was floated, with a capital of 120,000/., and 
acquired the mineral fields of Tarbrax, Greenfields and 
Cobbinshaw, together with the crude oil work at Cob^' 
binshaw and refinery at Lanark, formerly the property 
of the Lanark Oil Company (then in liquidation). The 
purchase price was 45,000/. This company ^aid one 
5 per cent, dividend, but since then has kept quiet on 
tfie subject of dividends. 
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Table I. 

H. Es. = Horizontal Eetorts. V. Es. = Vertical Eetorts. 


r 

Name of Work or Company. 

Original Proprietors. 

Location. 

Aberoom Oil Work . 

Abercom Oil Co.. 

Near Winchbnrgh, Inker- 
man • 

Aberdeen „ 

Miller & Sons 

Near Aberdeen . 

Addiewell „ 

Jas. Young . 

Addiewell, West Calder, 
Midlothian 

Airdrie Mineral Oil Co. . 

.. •• 

Airdrie .... 

Albyn Oil Work 

Fomio.... 

Broxburn .... 

Arden „ 

Trustoos of John Wil- 

Near Caldercruix, near Air- 


eon of Dundyvan 

drie 

Armadale „ 

P. Scott. 

Near Armadale. 

Anohenheath Oil Work 

J. & J. Baird 

Lesmahagow 

Avonhead „ 

Douglas & Boag . 

Bankball „ 

.. „ 

.. .. 

Bathgate „ 

Young, Meldrum & 
Benney 

Bathgate . . . ' . 

Bathgate Oil Co. 

.. .. 

Seafield .... 

BathTille Oil Work . 

Wm., John & Thomas 
Watson 

Bathville .... 

Bellequarry „ 

Simpson 

Bellsq^uarry, nr. W. Calder 

Benhar „ 

• » •• 


Thornton . 

.. 

»♦ • 
*Binnend „ 

? ... 

Fifeshire . . « . 

Birkenshaw „ 

Allen Craig & Sons 

IJ miles from Larkball 

^laokbum „ 

Dougal Bros. 

Blackburn, near Blackburn 
House 

Blackston „ 

Blackston Mineral Co. . 

Blackston, near Paisley 

Blackst^n „ 

Allen Craig & Co. 

Linwood, near Johnston, 
Paisley 

Biidesholme „ 

Panld .... 

Uddingston 

Broxburn „ 

.. •• 


Diddle.... 

West end of Broxburn ■ . 


McClintock . 

Eoman Camp „ 


Pointer. 

S. side of canal, Broxburn . 


Steele .... 

N. 

bum Oil Co., Ltd. 

C* 

1 -- 

.. 

Broxburn .... 
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Tabie I. 


D. Es. = D-shapod Retorts. S. G. - Still Going. 


When 

Started. 

Abiin- 
doiicd or 
Changed 
Hands. 

Remarks. ■ 

1871 

1880 

H. Rs. to end of 1871, and then 240 V. Es.; crude oil only; 


• 

1880, Walkinshaw Oil Co. i 

1857 

1864 

H. Ea.; crude and refining. ‘' 

1863 

S.G. 

Afterwards Young’s Earaffin Light and Mineral Oil Oo., Ltd. " 

1864 

1874 


1862 

1806 

Fould’s Work rebuilt; V. and H. Es.; reverted to Bell. , 

1866 

1870 

12 Bell and 12 Cowan Es. j stood a year or two, then rented tfli- 



J. Kirk for short time. 

1863 

1807 

24 H. Es.; crude only; gravity 895 to 902. 

1866 

1868 


1864 

1871 


1866 

1870 


1860 

1887 

First Scotch Oil Work; Young’s P. L. & M. 0. Co. in 1866; after 



1887, sulphuric acid manufactory only. 

1883 

1892 

Bankrupt 1887, and handed over to sequestration under control of 

1864 

1873 

[J. Fender. 

1864 

1871 


1860 

1874 

Bought by West Lothian Oil Co. 1874, and worked until 1883. ■ 

1864 

1875 

, ■ 

1872 

1876 


1866 

•1881 

Bought by Burntisland Oil Co.; now in hands of Eeooiver. 

1866 

1871 

20 D. Es.; crude oil only. 

1880 

1860 

30 H. Es.; „ „ 

1872 

1879 


1870 

1886 

44 V. Es.; crude oil only. 

■1866 

1873 


il861 

1862 

Afterwards Albyn Oil Work. 

il862 

1867 

30 H. Rs. 

tl861 

1868 ' 

12 H. Es.; about 1866 Fraser’s property, and then 75 H. Es. and 


1862 

1867 

30 H. Es.; crude oil. * [small refinery.' 


1862 

1868 

30 H. Es. and 50 V. Es.; crude only. 


1877 

,S.G. 

/ ^ 


.- 


^ , 
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Name of Work or Company. 


Original Proprietors. 


Buckaide Oil Work . 
Burntisland Oil Co., Ltd. . 
Caledonia Oil Work . 
Caledonian Mineral Oil Co. 
Capeldrae Oil Work . 
Capputhall Bog Oil Work. 
Carlowrie Oil Work . 
Clippens Oil Co., Ltd. 
Clippens Oil Work . 
Clydesdale Oil Co. . 
Cobbinshaw Oil Work 


Coney park Oil Work. 
Craigie „ 

Croftbead „ 

Crown Point „ 

Dalmeny Oil Co., Ltd. 
Drnmoross Oil Work. 
Pryflat „ 

Drumgray „ 

Bast Fulton „ 

Fergusbill „ 

Forth and Clyde Oil Work 
Glasgow Scottish Oil Co. . 

Glenture Oil Work . 
Grange „ 

Greendykes „ 

Greeiigairs „ 

Earthill „ 

Hermand Oil Co. 

Eermand Oil Work . 


Bigh Fossil „ 
Eolmes Oil Co., Ltd. 
"uilford Oil Work 


McLagan 
Goo. Simpson 


Ferris, Fernio & Co. 


Bobt. Binney & Son 
Brown Bros. & Co. 
Brand & Bislop . 
Fernie . 

John & Alex. Mungle 


Palmer & Co. 

Lester & Wyllie . 

J. Bobortson, Jun. & Co. 
J. Bankin . 

Jas. Greenshiolds & Son 


Bryden, managing part¬ 
ner 

Bobinson, Donald & Co. 
J. P. Eaeburn 
Bobt. Bell . 

Thornton 
Paul & Gray 

Thornton . 

Dennit & Brown . 

Walker 


Near Pumpherston 
Burntisland, Fifeshire 
Paisley . . . . 

Cobbinshaw and Lanark . 
Cardenden, Loeligelly, Fife 
Near Cobbinshaw 
„ Kirkliston 
Paisley . . . . 

Near Johnston, Paisley 
Cambuslang 
Cobbinshaw 

Tarbrax, South Cobbinshaw 
Balf way on north side, 
Cobbinshaw Loch 

Kilmarnock . ,. 

Croftbead . . . . 

Dalmeny . . . . 


Greengairs 

Near Johnston . . ’ 

Dreghorn, Kilmarnock 

Burngrange, W68t Calder . 


Gunsgreen Toll, W. Calder 
Greengairs 

Hartwood Estate, W. Calder 
Breich, West Calder . 

I mile east of West Calder, 
south %ide of railway 

Eolmes, Uphall 
Kilmarnock ,, . . 





HISWRIGAL. 




Aban< 


When 


Itemarks. * * 

started. 

Changed 


HudUh. 

» 

1861 

1867 


(1881 

1895 

Formerly Binnend Oil Work. 

1864 

1871 

■1889 

, , 

SucoeBsoro to Lanark Oil Co. 

1864 

re68 

Afterwards Westfield Oil Co. 

1863 

1878 


1869 

1877 


1880 

S.G. 

Formerly Binney’s Clippens Oil Work.; 1881, refinery only. 
After 1873, Biuuey only; 272 Es.; crude and refinery. 

1871 

1873 

1853 

1862 

After 1862, Tlios. Carlisle; continuous distillation in ovens. 

1869 

1871 

[crude and refinery. 

1864 

1873 

41 H. Bs.; sold to Black in 1873; Lanark Oil Co.’s in 1883. 

1870 

1873 

36 D. Bs.; crude only. 

1864 

1870 


1864 

1876 


186(r 

1851 


1866 

1867 


1871 

S.O. 


1865 

1870 

Bought by Oakbank Oil Co., and pulled down. 

1866 

1871 

1864 

1874 


1866 

1873 

20 H. Es., crude and refinery to 1878; then Jas. Liddle & Co.; 

1864 

1878 

[Walkinehaw Oil Co. in 1880. 

1862 

1867 

1866 

J867 

Crude only. 

1864 

1877 


1863 

1876 


1865 

1871 

100 Es. 

1863 

1867 


1861 

1869 


1886 


Shut down—waiting for better times! 

1864 

1870 

1866 

1873 

150 H. Es.; crude only. 

1863 

1871 


1884 

S.G. 


L864 

1876 

• 
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Kame dl' Worlr or Gompauy. Original Proprietors. 


r Table I. 


Hntohinson’s Oil Work 
Inyerkeithon „ 

K^nny „ 

Kilmnning „ 

Sirkwood „ 

Lanark Oil Co., Ltd. 
Lanemark Oil Work . 
Leavenseat „ 

Limerigg „ 

Linlithgow Oil Co. . 
Loohgelly Oil Work . 

Low PoBsil „ 

Methyl Paraffin Oil Co. 

Mid Calder Oil Co. . 
Midlothian „ 

Milbum Oil Work . 
Mettleholo „ 

North British Oil and 

Cktndle Co. 

Oakbank Oil Co., Ltd. 
Oakbank Oil Work . 

Old Monkland Oil Work . 
Over Possil „ 

Page & Co.’s „ 

Paraffin „ 

Patiihead „ 

Pentland „ 

Philipatonn „ 

Port Dnndas „ 

Pmnpherston Oil Co., Ltd. 
Biggend Chemical and Oil 
' Work 

Boaohsoles Oil Co. . 
Sosewell Oil Work . 

Soughoraig „ 

Bowatt and Yooll Oil Work 


Hutchinson ... 

Andrew Munro, manager 

Fife. 

•• •• Ayrc. 

Coatbridge Oil Co. . Kirkwood, near Coatbridge 
•• Tarbrax and Lanark . 

•• .. New Cummock . 

Gray & Thornton. . Crofthoad . 

• • .. Slammanon 

Champfleurie, Linlithgow . 

Peter Drummond. . 

K. Carrick & Arnot . N.B. comer of Methyl Old 
Harbour 

•• .. Oakbank, Mid Calder. 

f 

Smith Bros. & Hurling. Larkball .... 
.. .. Airdrie .... 


Sir James Simpson 

Drummond & Bain 
Page & Co. . 


Clippens Oil Co. 
Jas. Boss & Co. 


Law & Son 


Jas. Spence & Co. 


Lanark 

Oakbank, Mid Calder. 


Mandell .... 
Fife . 

Loanhead, near Edinburgh. 
PhiHpstoun, nr. Linlithgow 

Pnmpherston, near Uphall. 


Baebog . . . ■ . , 

Whitehall^ Peebles Boad . ’: 
Fauldkirk. . ■ 

Anstruther. . • . 






HISTQRIC4L. 


thdnued. 


)F}>en 

Itarted. 

Aban¬ 
don^ or 
CiiBD^od 
Hands. 

Remarks. 

1864 

1866 


1861 

1869 

EefiBery only; supplied with crude from Harthill Oil Work; had 

1864 

1869 

twelve 1600-gallon stills made of malleable iron, and doubk 

[riveted concave bottcmi, 

1864 

W71 

[rehned 2,600,000 gallons per yeM, 

1866 

1878 

109 Griffiths Patent Bs.; crude and refinery; also bought crude; 

1883 

1886 

160 Young and Beilby Bs. at Tarbrax; refined at Lanark; afle^' 

1864 

1867 

[wards property of Caledonian Mineral Oil 0<X 

1864 

1870 

1864 

1872 


1884 



1864 

isb 


1864 

1872-3 


1864 

1868 

40 H. and V. Bs. crude and refinery; sold to Binney, 1868, then 

1863 

1869 

16 Bs. and crude only; stopped 1870. 

After 1869 property of Oakbank Oil Co., Ltd. [1884. 

188? 

1884 

Formerly the Straiten Oil Co.; amalgamated with Clippens Ca, 
Crude only; made chiefly from dross of main seam of common ooaL 

1884 


1866 

1875 

1866 

1883 

Befinory only; made candles 1866 ; property of Lanark Oil Oa 

1869 

S.G. 

1883. 

Formerly Mid Calder Oil Co.; been reconstructed number of time*. 

1860 

1863 

Property of Mid Calder Oil Co., 1863, and of Oakbank Oil Co., 

1866 

1870 

[1869, 

1864 

1869 

1864 

1871 


1864 

1873 


1867 

1876 


1880 

8 .G. 

See Clippens Oil Co., Ltd. 

1883 

1866 

1883 

8 .G. 

1866 

187« 


1864 

1872 


1864 

1871 

► 

1864 

1866 


1864 

1871 


1865 

T»' 

1870 

• 
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Nam«.of Work or Comj)finy. 

Origiual IVopriotora. 

Serinhill Oil Work . 

.. 

Shand’s „ 

Geo. Shand & Co. 

Shettleston Oil and Chemi- 

.. •> 

cal Co. 

Shotts Oil Work 

Geo. Gr8y& Alex. Dick 

Stanrigg „ 

Black .... 

Sterlaw „ 

Meldrum, McLagan & 

Sterlaw Oil Co. 

Simpson 

Stowartfield Oil Work 

.. 


Eobt. Boll ‘ . 

Stewart’s „ 

Stewart 

Straiton „ 

Straiton Oil Co. . 

St. Bollox „ 

Cairns & Co. 

Struther’s „ 

Struther 

Taylor’s 

Taylor & Co. 

Tlurlstane „ 

Jno. Nimmo & Sons 

TTddingston Oil Co. . 

Newall & Co. 

Uphall Oil Co., Ltd. . 

.. .. 

Uphall Oil Work . 

Meldrum, McLagan & 

Vulcan „ 

Simpson 

Walkinshaw Oil Co. . 


West Calder „ 

Fell .... 

Westfield Oil Co., Ltd. . 


Westlothian „ „ 

*• *< 

Whiterigg Oil Work. 

Jas. Pattison 

young’s Paraffin Light and 


Mineral Oil Co., Ltd. 



• Tablk I. 


Location. 


Dalsorf, Lanark. 

Stirling . . . . 

East Glasgow . 

Dykchoacl, HilHjoueeridge, 
Shotts 

New Monkland, Airdrie . 
Stcrlaw, near Bathgate 


Stewart Estate, W. Calder 
Loauhead, near Edinburgh 

Leith . ’. f 

Boncss, east end of Grange 
Bans 

Kirkwood . 

Uphall . 

y-> .... 

Port Dundas 

Inkcnnan and Johnstone . 
West Calder .» . 

Fife. 

Leans and Bonhar . 

Now Monkland. 
Addiewoll, Bathgate and 
Uphall 










ontinued. 


HISTVRICiL. 


Bengal 

!i*\ ; i/i 

V''- - 

V-J' 




Aban- 


•When 

Started. 

doned or 
CliftTijred 

Remarks. 


Hands. 


1865 

1870 


1804 

1871 


1891 

S.Q. 


1866 

]!?t71 

30 H. Ks.; crude only; supplied crude to North British Oil am 



Oandlo Co. and Uphall Oil Co. 

1865 

S.Ct. 


1866 

1875 

Became property of Uphall Oil Co. in 1871. 

1867 

1872 


1862 

1866 

60 H. Rs. 

1863 

1871 

100 H. Bs. 

1863 

1865 


1877 

1882 

After 1882 property of Clippons Oil Co. 

1860 

1865 

1864 - 

1869 


1864 

1871 

Distilled Straiton shale. 

1864 

1867 

27 Bound, 15 Flat Bs.; crude only; refinery built, hut not used. 

1865 

1870 

Locally known as Nackerty [with Young’s Co. in 1886 

1871 

1886 

Formerly Uphall Oil Work and Sterlaw Oil Work; amalgamatei 

1866 

1871 

Became projierty of Uphall Oil Co. in 1871. 

1864 

1866 

[and East Fulton Oil Workt 

1880 

1890 

Amalgamated with Hcrmand Oil Co. in 1890; formerly Abereon 

1862 

•1879 

Bought by Young’s Co. in 1869, and then puilod down. 

1883 


Formerly Capoldrae. 

Bought Simpson’s Bcnhar Work for a refinery. 

1883 


1865 

1870 

1866 

8 .G. 

Formerly Young, Meldrum and Bonney, and also Uphall Oil Co 
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The tabular stah^mont (Table I.) .shows the dates,‘as 
nearljr as coul'l be ascertained, of the starting and closing 
of the various works, together with other information of 
interest that could be obtained. 

It is certain that within the forty-five years’ life of 
this industry 117 works have been built, and this number 
may pos.sibly have been greater, as tlierc is a liability 
that one or two unimportant and small works may have 
existed for a short time and have escaped the Author’s 
investigations. Some of the 117 works changed hands 
three and four times, and altogether there were twenty- 
four changes of ownership that are known of, and there¬ 
fore, practically speaking, 141 different proprietors have 
tried their hands at the business. 


In 1850—52 oil w'orks were in operation. 
„ 18GO-C7 
„ 1870—61 


1880—19 




„ 1890—14 


}> 


1895—12 


9t 


It will be seen by referring to Table II. that the shale 
distilled in late years shows a great increase over former 
years. The companies engaged in the crude oil bu.siness 
only have earned and paid very fair dividends, whereas 
those engaged in the crude and refining business have 
been sorely tried. . 

As the price of crude has fallen proportionately 
with the fall in price of finished products, it is very evi¬ 
dent that far greater strides have been made towards 
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Table II. 


Year. 

• 

Tods of Shale Distilled. 

East Scotland. 

West Scotland. 

Total. 

187;! 

4:19,615 

84,480 

524,095 

1874 

277,210 

84,700 

361,910 

1875 

377,108 

46,314 

423,422 

187G 

454,892 

86,381 

541,273 

1877 

.581,351 

102,767 

684,118 

1878 

535,C2C 

110,313 

645,939 

187!) 

624,912 

87,510 

712,428 

1880 

730,777 

63,060 

793,837 

1881 

840,259 

71,912 

912,171 

1882 

898,754 

93,733 

994,437 

1883 

1,043,499 

87,230 

1,130,729 

1884 

1,365,157 

104,492 

1,469,649 

1885 

1,665,667 

76,083 

1,741,750 

188G 

1,655,427 

43,717 

1,699,144 

1887 



1,368,704 

1888 



2,026,779 

1889 


.. 

1,962,715 

T890 

18911 


•• 

2,154 824 

to > 
1895 J 

Averaged 

each year about 

2 ,000,000 


cheapening the cost of retorting shale than in refining 
the cru^e oil. The refining is still carried on with the use 
of the small apparatus used years ago, or with but very 
little increase in size, so that but slight reduction in the 
c*ost of labour, steam, repairs, &c., has been effected, and 
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the refiners have be^n unable to do a profitable business 
in competition -with the “ go-ahead ” foreign manufac¬ 
turers ; and from a once prosperous and thriving indus- 
"fcry the Scotch oil trade has now dropped to a virtually 
unremunerative one, with but few good prospects ahead. 

The year 1886-87 was undoubtedly the worst the 
Scotch trade ever experienced, and all the companies were 
more or less sufferers. 

Young’s company headed the list with a year’s work¬ 
ing loss of 42,325^. 16s. 8d., without allowing anything 
for depreciation. 

The Linlithgow Oil Company came next with a 
loss of 3904/., and then the Pumpherston company with 
a loss of 1160/., making a total loss in one year of 
47,389/; 16s. 8f/. 

Broxburn, instead of declaring its usual 25 per cent, 
dividend, only had 15 per cent, to declare; Burntisland 
gave its shareholders only 7 per cent, as against 20 per 
cent of the year before ; and Holmes company’s share¬ 
holders had to be satisfied with 5 per cent, as against 
the previous year’s 8 per cent 

In these days, holders of the regular shares in the 
Scotch oil companies stand a poor chance of sharing in 
the profits (if there are any) of the companies, owing to 
the latter having burdened themselves with enormous 
sums, in debentures, loans and preference shares, on 
which interest must be paid, and by the time that 
is paid but little, if anything, is left for thg share¬ 
holder. t 

Tabular statement No. III. shows the amounts of loans 
and debentures compared with the original capitals &f 
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Tablb ni. 


Name of Company. 

Ori^nal Capital. 

Loans and PebentnreL 

1886. 

1887. 

1886. 

1887. 


£ 

£ 

£ 

£ 

Broibum . 

199,750 

199,750 

64,608 

85,106 

Burntisland 

119,450 

144,950 

51,500 

65,200 

Clipfons . 

247,650 

247,650 

103,184 

122,051 

Holmes 

35,000 

35,000 



Linlithgow. 

159,.374 

160,000 

.. 

43,816 

Pumpherston 

76,500 

107,270 

52,345 

48,040 

West Lothian . 

82,314 

74,898* 

10,466 

7,400 

Young’s 

605,625 

605,625 

435,548 

626,262 


* After reduction in capital. 


the various companies in 1886 and 1887. It will be seen 
that the Holmes is the only company that has kept itself 
free from this burden, while the other companies have 
involved themselves to an extent of from iV to 4 t^oir 
original capital, making a total increase of liabilities of 
190,705/. over the year 1886. 

Since 1884 the depreciation in the value of the 
shares has been ruinous to investors, as will be seen by 
referring to Table IV. 

The above depreciation in share values means a total 
loss to investors of 1,124,044/., in two years. 

Froi^ 1887 to 1891 the companies bad a hard 
struggle for existence, and notwithstanding%that the 
beginning of 1891 showed no brighter prospects for the 
ofl trade than the previous years, yet a new concern 
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Table IV. 



Price of Shares. 

Loss. 

*• Name of Company. 






1881. 

December 

1880. 

May 

1887. 

Since 
Dec. 188C. 

Sinoo 

1884. 

Broxburn . 

28i 

22 i 

11 

Hi 

174 

Burntisland. 

m 

15} 

7 


164 

Clippens (Old) . 

m 


4} 


133 

„ (Now) . 


n 

52s. M. 

97s. Cd. 


Dalmony . 

221 


15 

7 1 

MC 

n 

Holmes 


90s. 

75s. dd. 

14s. 6d. 


Linlithgow. 

.. 

8 } 

H 

5 } 


Pumpherston 


7} 

4 



Walkinsbaw 

96^. 6(2. 

Os. 3d. 

6 s. 3d. 

.. 

90s. 3d. 

West Lothian 

.. 

5 | 

4 

13 


Young’s 

12 

9 





started in January of that year under the name of the 
Shettleston Oil and Chemical Company, 

The working results of the financial year 1891-2 of 
the various companies showed that four out of the eight 
companies showed a total profit of 85,492^., but only two 
of these four companies made any allowance for depreci¬ 
ation. The remaining four companies showed a total 
loss on the year’s work of 32,576f., so that, practically 
speaking, the eight companies taken together realised a 
profit of only 52,916/. This bad showing of course had 
its effect, on the share values, which all suffered more or 
less, and fell in value to a total amount of 646,237/. 

As each succeeding financial year comes round tSie 
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companies have always pretty mucli the same story as 
last year’s to tell their shareholders, and in* the ffv^nt of 
a company having no dividend to declare, its directors 
describe in glowing terms the prospects of the coming* 
year, and the amount of profits that ought to be made 
if so-and-so and so-and-so remain as they are ; and then 
they tell the shareholders that all the works plant is in 
splendid condition—a fairy tale for the purpose of giving 
the shareholders the impression that there is really no 
need of allowing for depreciation, even if they could afford 
to do it. Of course the “ oughts ” and “ ifs ” are seldom 
realised, and when at last the works plant is placed 
under the auctioneer’s hammer it won’t stand the test, 
and then the shareholders suddenly awaken to the fact 
that their “ splendid condition ” plant is so thoroughly 
•worn out, and in such a bad state of repair, that it will 
not even fetch the pri(;c of “ good ” old iron. 

Competition is not by any means the sole cause of 
the downfall of this once thriving industry, and one 
does not have to look far to see many far greater evils 
than competition. The different companies have been 
figlrfing one against another almost incessantly, trying 
to undersell, or raising injurious and untruthful reports 
with a view to ruining one another; and the industry 
would have by this time been practically a thing of the 
past had not the Standard Cil Company of America tried 
to act as mediator between the several companies, and 
got them Jo combine and work amicably together, with 
a view to maintaining such prices as would enalfle them 
to pay the dividends due to their trusting (but often 
sadly disappointed) shareholders. The result of the 



34 MINERAL blLS^ANB BY-PRODUCTS. 

consultations bctwefen the American and Scotch oil re- 
prcsepta.tivco' was the formation of the Scottish Mineral 
Oil Association in 1887. At the start this Association 
'did not comprise the whole of the Scotidi manufacturers, 
owing to the perverseness of certain directors of the 
companies ; hut after a while tliesc men gradually com¬ 
menced to come to their .senses, and tlie companies they 
re})rescntcd joined in with the others, witli a view to 
regulating and maintaining jnices. Things then moved 
along .smoothly for a while, until one of the, companies 
found it had more pioducts ready for the market than 
the Association saw its way to relieve the comjiany of, 
and so, rather tlian curtail its manufacture until the 
demands of the market increased, it withdrew from the 
Association and placed its products on the market at a 
greatly J’educcd figure, thus lowering markuit values and . 
upsetting wduit benefit to the c.ompauics the Association 
had bemi able to achieve in a .short time. By dint of 
hard work and much persuasion, the Association finally 
won the recreant compiiny back to its fold, but had 
hardly done so before another withdrew and upset calcu¬ 
lations again. i. 

It is therefore not surprising that after a chequered 
career of about five years the Scottish Mineral Oil 
As.so(aation finally disbanded in November 1892, and 
the companies w'cnt back to their old tricks of t rying to 
undersell and otherwise ruin each other; while at the 
same time they were busy looking around fqf feasible 
excuses'to give their shareholders for not being able to 
pay a dividend, or having to decrease its amount. 

Another very serious cause of the almost bankrflpt 
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condition of some of the companies, is the fact that the 
heads that govern them are men entirSly devoid of 
practical experience. It is undoubtedly very important 
that every company sliould have a good financier, but 
because it is fortunate enough to possess one is no ex¬ 
cuse for giving liim full sway in matters not pertaining 
to the financial part of the business. Most of the 
managing directors in the Scotch oil trade have had no 
practical cxpericnc.c whatever; and not only that, but 
although they abnost invariably have thoroughly prac¬ 
tical men under 1 licm, tliey arc often too dignified to 
(sonsult and take the advice of those who are subservient 
to them, and rather pi'cfor to give arbitrary orders that 
sometimes do, but more often do not, give the desired 
results. Sometimes the works managers arc so far 
ignored that the dii'ectors will ))ring in a stranger to 
value their works idaiit and report on it. Of course the 
reason fm-such action is olivious, as a stranger cannot 
j)ossibly obtain an accurate knowledge of the actual con¬ 
dition of the j»lant by a few superficial examinations that 
he may make, and conso(]uently he enables the directors 
to •tell the .shareholders that they (the directors) are 
proud to be able to say that a “ perfectly disinterested 
engineer ” who has examined the ])lant, reports that it 
is in perfect condition and values it at so much. Had 
the works manager, who knows exactly what the con¬ 
dition of the plairt is, been called u])on, as he should 
be, to rmikc a report on the condition and value of the 
plant, he would give a very different tale, and his 
report, therefore, would be unsuitable—for what it 
was wanted! If the shareholders, instead of quietly 
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believing all that tllcir company’s directors tell them, 
would^^.Li'the matter into their own hands, and appoint 
a committee to see that there were properly qualified 
‘men in the proper places, and more particularly that 
the said qualified men arc allowed to make use of their 
experience, discretion and knowledge for the benefit of 
the company, without being interfered with by a man 
or men who know nothing about the practical manu¬ 
facture, they would be taking a most important ste|) in 
the dire(ttion of placing the industry on a paying basis 
once more; and until they so act but little improvement 
can be looked for. 

Another cause of great loss of money is the adoption 
by tlic board of directors—who, as before stated, are 
generally men of no practical experience—of patented 
“ theoretical ” apparatus or processes. The word theo¬ 
retical is used on account of the fact that sometimes the 
practical working of the plant has never been properly 
determined, and its adoption is liable to result in a loss 
of many “ bawliees” to the company, while the patentee 
gets the benefit of the experience of the practical experi¬ 
ment with his apparatus, &c., at no cost to him. Befqre 
these experiments are tried, the company’s practical 
men are cither entirely ignored, or sometime,^^o'^ieir 
opinion is asked for, and if they give an adverse „Atti¬ 
cism they arc considered prejudiced, and the experiM {.t 
goes merrily on. '' 

One or two of the companies that have been 
amongst ‘che biggest dividend-payers, besides being in 
the best financial condition in these critical times, haye 
a number of practical men on the board of dircctoKs, 
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dfl not waste money on outsiders’ theoretical ^tents, 
but rather encourage their own employed to improve 
the processes and apparatus ; and above all, consult thoi 
practical men of the different departments and act on 
their advice. 

It is only too apparent that unless a unanimous and 
harmonions combination of the companies soon takes 
plaoc, together with radical changes in the management 
wherever needed, we shall in a few years be left to 
mourn the loss of one of Scotland’s most important 
industries. 
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CHAPTER II. 

GEOGTtAPHICAL AND GEOLO(JICAL. 

i 

A LAEGK number of tbe oil works were outside the sliale 
limits, and the crude oils that they mauiifactured were 
products of Parrot and caunel coals, coaly shale or 
bastard Parj'ot, and also colliery dross. Those works 
that make the true shale oils are eojifined in a com¬ 
paratively small area of the (country extending from 
Straiten and Burntisland in the south-east and north¬ 
east, to Cobbinshaw and Liidithgow in the south-west 
and north-west, or a distance of about twenty-five miles 
cast and west by twelve miles north and south. 

Of course there arc shales found in other sections 
of the country, but the section between the points just 
named is the only one that has been really of any 
great commercial value. ' 

The Author is greatly indebted to his old friend 
the late Mr. Alex. Lumsdeii, mining engineer to Young’s 
company, for being able to give an accurate diagram 
showing the geological positions of the various seams 
of shale. It will be seen from this diagram (No. 1) 
that the^. shales of Midlothian are found in the calci- 
ferous sandstone series lying between the Mountain 
and Burdiehouse Limestones. The thickness of the 
section is very variable, and ranges from 300 fathoms 
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at Addiewell to 150 fathoms at Straiten. • The section 
contains --opy different seams, hut the principal com¬ 
mercial ones are— 

Fell’s, 

Broxburn, 

Uennit’s, 

and their respective thicknesses are— 

3 feet. 

0 » 

The rest of the shale section is made up of several 
thin and unimportant sliale seams, together with sand¬ 
stones and indurated clays. 

The following reference matter adds greatly to the 
value and interest of Mr. Lumsden’s diagram, and was 
prepared by him :— 

Eef. Letter. 

A. Associated with tliis scam is a third-rate Parrot coal, 9 inches 

thick, which yields on distillation 32 gallons of crude 
oil jxir ton, and was wrought at Provauhall, Coatbridge. 

B. Immediately over this scam is a seam of shale 8 inches 

thick, wrought at Arden, Airdi-ie. 

C. In this position is a seam of true shale, 8 inches thick tind 

yielding 60 gallons crude oil per ton. Extensively 
wrought around Airdrie. 

D. The top part of this seam consists of a kind of gas coal, which 

yields 32 gallons crude oil per ton. Wrought near' Airdrie. 

E. This is the seam that is found at Westticld, Eifeshiro. 

Yields 40 gallons crude oil per ton. 

E. This seam is now exhausted. It was the first mineral used 
in the production of paraffin oil. , 

G. Abo'.e this seam of limestone is a seam of shale yielding 

29 gallons crude oil per ton. Wrought at Leavenseat. 

H. Associated with this ironstone is a seam of a kind of shale 

yielding 32 gallons crude oil per tun. ‘ 
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Bef. Letter. 

I. All the Benfrowshire oil works are supplied from seam. 

(lives 45 gallons crude oil per ton. 

J. It is between this seam and the Burdiehouse limestone that 

the best and most profitable shale seams are found. * 

K. Associated with this seam is an earthy kind of gas coal. 

Wrought at Dinmcross, near Bathgate. 

L. Over this limestone a shale is sometimes found. It was 

wrought in a quarry between Livingston and Bathgate. 
No shale has yet been found under the Burdiehouse 
limestone. 


Shale. 

Bituminous shale, from which Scotch oils are de¬ 
rived, might at first sight be mistaken for coal, but on 
close examination distinct differences will be noted. 

In the first place, .shale lacks the intense blackness 
of coal, varying in colour from a grey to dark clove 
brown, and, unlike coal, it does not dirty the fingers 
when handled. 

Secondly, a lump of bituminous coal may be easily 
broken into small pieees by striking it with a hammer, 
biiLpa piece of shale would require ten times the 
exertion before it could be similarly broken; and the 
pieces of shale thus broken would display a conchoidal 
fracture, whereas the fracture of the coal would be 
laminated. 

From a structural point of view shale may be 
divided ^into three classes, viz.:— 

Plain shale. 

Curly „ 

Leafy „ 
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The first mentioned, as its name implies, has a plajn 
ippeai;«n„v., »ach as an ordinary piece of broken rock. 
The curly shale has a wavy or curly structure, and gives 
me the impression that it has been subjected to an 
mormons lateral pressure during the early stages of 
nincralisatiou. Leafy shale, which might also, per¬ 
haps, be termed s(!aly shale, consists of semi-loose scales 
srhich can easily be separated with the blade of a knife. 

[t is usually of light brown colour, and is found almost 
5olely at “ outcrops,” and therefore this structural pecu- 
[iarity is doubtless due to the action of the weather on 
vhat was previously, perhaps, plain shale. Leafy shale 
s of little or no value as an oil-yielding medium, and 
IS of no commercial value, but is often sought after by 
3ollectors of natural curiosities, as it usually contains 
5nc specimens of fossil ferns, &c., which are more easily < 
separated and prepared for exhibition than those found 
in the other shales. 

A curious feature in regard to shales is the very 
widely diverging character of the same seam in different 
districts. To such an extent does the same seam vary 
in character, that seams that are very profitable to r ack 
in one distrii.t arc entirely unprofitable in another, 
althougli tlie two districts may be only one or two miles 
apart; and this diminution in the value of a seam is 
always in a westerly direction. 

Table V. gives the yields of crude oil from different 
kinds of shales and coals from various sources. Some 
of the shifles that show the smaller yields of crude oil 
are often far more valuable to the companies than the 
shides that give twice or thrice the quantity of crude 
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oi*. This is due to the fact that the crude oil resulting 
from shales or coals that give a large ymlvl; generally 
contains very little paraffin wax and large amounts of 
burning and lubricating oils, and the latter of low* 
specific gravity and poor lubricating quality. It is, 
therefore, necessary to make a careful examination of 
the crude, oil before any definite opinion can be formed 
of t^ie value of a shale. 


Table V. 


Name of Mineral. 

Gallons of 

Crude Oil por Ton 
of Mineral. 

Addiewcll Thick Shale. 

27-38 

Asiatic „. 

22-40 

Auchenlea .. 

50-00 

Aiichcuhoath „. 

39 to 78 

Boghall „. 

2G-22 

Boghead Coal. 

85 to 128 

Burnside “ St. Andrew ” Shale 

20-97 

Cairnoy Hill „ ... 

10-88 

Capcldrae (first (quality) „ ... 

70 to 81 

(second quality) „ ... 

41 to 06 

Canadian „ ... 

64-00 

Cobbinshaw (Pemie’s) „ ... 

44-80 

„ (Mangle’s) „ ... 

33-77 

Coebnydron „ ... 

31-58 

Dalmeny „ ... 

34-00 

Denbrae „ ... 

10-90 

Denhoad „ ... 

14-26 

Donra or Patterson „ ... 

.10-45 

Portnouk „ ... 

29-81 

Gorobridge „ ... 

74-00 

drey „ ... 

24-39 
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Table V. — continued. 


Name of Mineral. 

(Tallons of 

Crude Oil jier Ton 
of Mineral. 

[okenuan Shale. 

4.5-(Id 

Kirkcaldy .. 

32-49 

Kniglitswood .. 

30-00 

Ladedda „ . 

74-95 

[jesmakagow „. 

39-00 

Limeficld (West Calder) Shale 

28-80 

Lochgelly „ ... 

28-70 

Methyl Brown Coal. 

05 to 90 

Methyl Black .. 

49 to 52 

Mid Calder Oil Company’s Shale . 

28-70 

Midhill „ . . . 

50-00 

Muttonhole „ . . . 

43-00 

Sewliston „ . . . 

23 to 32 

3verton „ . . . 

04-00 

3moa Gas „ . . . 

47-70 

Rochsoles Coal ...... 

72-00 

Seafield Shale. 

30-40 

Fnrva Mineral. 

69-00 

[Jphall Shale. 

29 to 34 

Wellwood Coal. 

40-00 

WemySB .. 

60 to 70 

Westfield Shale. 

18-50 

Westwood .. 

29-30 


The specific gravity of shales does not vary very 
greatly, and usually ranges between 1'713 and* 1’877. 
The specific gravity of the Boghead coal or Torbanehill 
mineral was 1 • 224. 

The average composition of a good shale is given in 
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Table VI., while Table VII. gives the analyses of spent 
shales taken from the old form of Vertical and the 
Henderson retorts. 


Table VI. 


i 

Constituent. 

Per Cent, by 
Weight. 

Moisture (at 240° F.). 

2-C7 

Volatile matter. 

24-31 

“ Fixed ” carbon. 

12-50 

Ash. 

60-.50 

Total 

99-98 


Table VII. 


Constituent 

Per Cent by Weight 

From old Vertical. 

From Henderson. 

Ca|J^ .... 

18-40 

3-61 

Silica. 

49-14 

56-49 

Oxido of iron 

10-45 

12-81 

Alumina .... 

18-37 

22-72 

Limo. 

1-68 

1-77 

Magnesia .... 

0-99 

0-95 

Sulphur .... 

1-05 

1-15 




Total 

100-08 

99-50 
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CHAPTER III. 

THEOllETICAL 

Shai-e, in the form in wliicli it is mined, docs not con¬ 
tain any oil or oily matter, and no oil (^au be ol)tained 
from it until it lias been subjected to a sutliciently high 
heat to bring about its decomposition or the breaking 
up of its chemical constituents, so as to allow the latter 
to rearrange themselves and produce oil, &c. That oil 
docs not exist in shale as such can be easily proved by 
reducing the shale to a line powder, and then mixing 
it with any solvent of oil, such as benzol, naphtha, 
ether, &c., when it will be found that these solvents 
fail to extract any oily maticr whatever. 'I’hercforc a 
shale has to be subjected to heat, or to what is known as 
a destructive distillation, in order to obtain oil from it. 

The oil which shale yields is chemically known %:9 a 
hydrocarbon, because iis constituent jiarts arc hydrogen 
and carbon. There are two series of these hydrocarbons, 
one the paraffin and the other the olefine series. 

When a hydrocarbon is heated, the oil first begnns to 
boil and then to vaporise or distil, and if the vapours 
are further heated by passing them through a highly 
heated (bnght red hot) tube, they will be decomposed 
into a permanent gas. We therefore see that the shale 
should be distilled at as low a heat as po.ssible in orddr 
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to^ obtain as much oil and as little gas as possible. It 
would be comparatively easy to distil shale so as to 
produce but a small quantity of gas, if the oil were 
present in tlie shale as oil; but it not being so neces¬ 
sitates the shale Ijeing heated to a considerably liigher 
temperature than tliat necessary to merely distil the 
oil, in order to overcome the chemical affinities that hold 
the liydrocarlions in the pc(tuliar state iii which they 
arc presmit in the sliale, and in oi’der to accomplish the 
commercial necessity of rapid working. Wlien these 
chemical affinities liavc Iteen overcome, and the hydro¬ 
carbons freed, the latter are .subjected to a high heat 
before (hey ai'c able to e.sctape, and arc e.on.secjucntly 
partly decomposed into permanent gas ; but the amount 
of decomposition that takes jdace varies greatly with 
the form of retort used and the method of working 
the retorts. 

It IS evident that to accomplish the distillation of 
.shale, and obtain the best re.sult,s, the heating surface 
of the I'ctort should be as largo as possible in com¬ 
parison with the area of the internal cross section, 
sotiJiat the retort need not be cxcc.ssivcly heated in 
order to distil the shale that is fai-thest away from 
the heating surface; and that the oil vapours should 
be removed fiom the retort as soon as pos.sib]e, and be 
pi’oteel.ed as much as possible (while in the retort) from 
the excess of heat. The oil resulting from vapours that 
have not been sufficiently qui<!kly withdrav\^ from the 
retort, or suiliciently protected from the heat, is very 
liable to have what is technically called a “burnt” 
sBiell. 
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Since ammonia water became such a valuable l^y- 
product of shale distillation, another needed condition in 
the distillation presented itself, and that was that scien- 
‘tific experiments demonstrated that the whole of the 
nitrogen in the shale is not eliminated until the spent * 
shale has l)een freed of all its carbon, and in order to 
burn out all the carbon the shale has to be subjected to 
a nearly white heat. 

We tliereforc see tliat in theory the shale should 
be distilled at a low heat in order to obtain the maxi¬ 


mum yield of oil with production of as little gas as pos¬ 
sible, and that it should also be subjetded to a very 
high licat in order to obtain the maximum yield of 
ammonia ; while at the same time precautions must 
be taken to prevent the oil from becoming “ burnt.” 
Also, the retort should be constructed so that it can be 
charged, and the spent shale withdrawn, as easily, expedi¬ 
tiously, and with the aid of as little labour as possible. 
Under the heading “ Retorts ” we shall see how, by 
gradual steps, these conditions have finally all been 
combined in one retort, which retort is about as near 
theoretical and practical perfection as it is possible 
to get. 

Having obtained the crude oil, it is then necessary 
to refine and separate it into its various products. The 
crude oil, as it comes from the retorts, is of a dark 
greenish-black colour, and when cold, of al)out the 


consistenc;^ of soft butter. Its principal constituents 
are paraffin and olefines contaminated with oily bases 


After all the volatile matter has boon volatilised. 
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angpnenols, and more or less spent shale dust, &c. The 
dust and otlier suspended solid matter is easily sepa¬ 
rated by allowing the oil to settle in the storage tanks, 
but the oily bases and phenols have to be removed by 
the use of acid and alkalies. 

When the oil is .shaken up with acid, the latter 
combines with the oily bases, and also with the lower 
member,s of the olefines, forming a heavy black tarry 
mass, known as “ acid tar,” that, settles to the bottom 
on allowing the mixture to stand at rest for some 
hours. It ba.s been found in pi'actic.e that it is not 
pos,silil(^ to remox’e the whole of the ba.scs by one or 
even two acid treatments, and that a number of treat¬ 
ments arc necessary. 

The lighter oils are moj-e susceptible to the action 
of the acid tlian the heavier ones, and too much or too 
.strong an acid is liable, to “burn” them and make 
their .sulnequent ndlning dittieult, beskhis wa.sting acid ; 
therefore, as is explained under the heading “ Treating,” 
eonsidoi'able judgment has to be used in regard to de¬ 
termining tlic strength and (jiiantity of acid to use in 
thc»various stages of refining. 

It is, of course, hardly neccs.sary to state that all 
kinds of acid have been tried for the treat,ment of oils, 
and the results of numbci'less experiments have proved 
sulphuric, acid to be the only one practically suitable 
for the work. 

In th» alkaline treatment of the oil, caustic soda 
is principally used, but in certain stages it is often 
found advantageous to use carbonate of soda. The 
alkhli, besides neutralising any free acid that may 

E 
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remain in the oil after it has received its acid tr^t- 
mcnt, attacks the phenols, and forms a thin tarry- 
looking mass which settles to the bottom of the oil. 

It must be remembered that the oily bases which 
the acid extracts arc not decomposed by the acid, but 
foj tn a simple chemical <H)mbination, and should the 
acid tar be neutralised with soda or any other alkali, 
the liases will be at once set free and come to the 
surface in the form of an oil. Therefore it is of the 
utmost importance that an acid-treated oil be allowed 
to settle until as thoroughly freed from acid tar as is 
practi(-ab]c, because any acid tar that it may contain 
when it. receives its soda treatment will be neutralised, 
and the oily bases thus liberated will at once go back 
into solut.ion in the oil. 

I'he same caution also applies to the soda tars, but 
as the oil after the soda treatment does not usually 
receive a,not.her acid treatment until after a distillation, 
there is little or no danger of the phenols being set free 
and rcdissolvcd by the oil. 

The oily bases are perhaps the most detrimental 
impurity to have in the oil, owing to their objec.tiontcble 
smell and the quickness with which they oxidise and 
turn red, and finally reddish black, thus preventing the 
manufacture of an oil that will keep its colour if any oily 
bases are present. 

The phenols also oxidise and redden, but not as 
rapidly a^ the oily bases, and they have not such a 
disagreeable smell. Of course both impurities must 
be removed from an oil before we can have a properly 
and thoroughly refined oil. 
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There is another important operation that the oil 
has to nndergo in the process of refining, and that is a 
distillation. The distillation performs three functions, 
namely— 

First, it enables the oil to be separated into various 
grades or products, such a.s naphtha, burning oils, heavy 
oils containing wax, &c. 

IJecondly, it separates soluble impurities in the oil 
that cannot be removed by a judicious application of 
chemicals. 

Thirdly, it brings about a crystalline condition of 
the higher members of the paraffin group that were 
previously in a gelatinous or amorphous condition. 

The S 2 )ccific gravities at which the distillates are 
separated from the various products vary according to 
requirements, as will be explained under “ Eefining.” 

The impurities that are separated by the distillation 
are certain carbonaceous, earthy and .sulphurous matters. 
The largest amount of the carbon or coke that remains 
in a still after the distillation is finished, is the result of 
the dccomj)osition or “ cracking ” of the oil rather than 
thfi prcsen(',e of actual impurities; and this fact can be 
easily demonstrated by taking a quantity of thoroughly 
well refined oil—water-white burning oil for instance— 
and distilling it in a glass flask over an Argand burner. 
A few per cents, will distil off at the start without 
much change being noticeable, but the oil is in reality 
all the time assuming a brown colour, which very 
gradually gets darker and darker until, after becoming 
noticeable, it has become a decidedly dark brown ; and 
as the distillation approaches completion the colour is 
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almost or quite black; and when the distillation ,is 
finished n. deposit of carbon will be found in the bottom 
of the flask, and perhaps more or less on the sides. 

The cause of coke being formed in the still is due to 
the decomposition of the lower members of the paraffin 
into olefine hydrocarbons, and as olefines contain less 
carbon (ban paraflius, it is ncctcssary that when this 
decomposition takes place there should be a rejection 
or deposition of carbon. It is therefore plain that 
every time a hydrocarbon is distilled it causes a de¬ 
crease in the percentage of paraflius and increase in 
the per(;entage of olefines; and for this reason, and 
because jiaraflins arc more valuable products than 
olcfiiu's, it is obvious that a hydrocarbon should not be 
distilled more times than is absolutely necessary. 

The fact that a distillation brings about the crys¬ 
talline condition of a pai-affin—provided it contains 
solid parallins—can be well demonstrated by taking 
a (piantity of vaseline (which is really a wax in the 
amorphous condition) and distilling it very .slowly. 
When the distillation is finished, it will be found that 
on cooling the distillate there ai-e distinct signs of crys¬ 
talline formation; and if this distillate is re-distilled 
two or three times, the crystals will finally be so well 
developed on cooling, that the distillate may be placed 
in a cloth and pressed, so that a cake of wax will remain 
in the cloth after the oil has been expressed. This 
result cou]/.l not possibly be accomplished by pressing 
the original vaseline. 

In this process of promoting the crystallisable quality 
of the paraffin, decomposition of course takes place, alid 
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tkc higher members of the paraffin group ai'c decom¬ 
posed to tlic next lower members, or, in other words, 
the higher melting point waxes are reduced to lower ^ 
melting point ones, and therefore every distillation 
lowei's the melting point or chilling point of the oil 
distilled. 

A wax obtained from the heavy or latter end of a 
distillation has very fine close crystals as compared with 
the wax obtained from a very much lighter or lower 
specific gravity oil, and therefore, as the heavier oil 
gives the liiglicr melting point wax, the higher melting 
waxes always have tlu; smallest crystals. 

There is anolher condition that greatly affects the 
crystalline condition of a wax, and that is the method 
adopted in cooling it. If a melted 'wax, or mixture of 
wax and oil, is suddenly brought in ('ontact with a cold 
surface, it will at ouc.c congeal and show scarcely any 
(irystalline formation ; wlnwcas, if the same wax or 
mixture, be allowed to cool very slowly, the crystals 
will be large and well defined. This is a mo.st im¬ 
portant point to remember, because in the stage of 
refining where the wax is extracted from the oil, 
great difficulty is often experienced in pressing and 
making a thoj'ough separation, and tliis difficulty is 
often due to too quii-k cooling—but, of course, may 
be also partly or wholly due to the need of another dis¬ 
tillation. 
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CHAPTER IV. 

PKACTICAL. 

In order that tlic details of tlie manufacture may be 
more easily followed, it will be a.s well to first outline 
the course that has to bo pursued in order to obtain 
the crude oil and by-products. 

Tlie shale as it is received at the mine head is loaded 
into side or bottom dumping railway wagons, and is then 
transferred to the retort department along the overhead 
railway track A (Fig. 1). The contents of the wagons 
are then dumped into the shale breaker B, and, after 
passing through the latter and into small trucks, arc 
hauled up the incline (! to tin' level (jf the top of the 
benches of retorts D, and, theii' contents having been 
discharged into the retorts, the process of destructive 
distillation commences. The vapours and gases pKss 
out of tlie retort through the connections E and into 
the mains F and G, wliich latter conduct them to the 
air condenser H. In the air condenser the separation 
of the gaseous and licjuid products takes place; the 
latter, which consist of a mixture oi' ci'ude oil and 
ammonia water, are pumped to their respective storage 
tanks, while the former passes on through the connec¬ 
tion I to the exhauster house J, and from there is 
forced through K into the coke tower M, where any 
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vcjjatile oil that it may contain is extracted. The gas, 
thus robbed of its last traces of oil, continues along 
through L and back to the retorts, where it is burned as 
fuel in the furnaces. The volatile oil extracted in.the 
coke tower is dealt with in the apparatus N. 

Having thus shortly outlined the process of destruc¬ 
tive distillation, we will now proceed to follow the 
process in all its details. 

On account of the shale being in the form of large 
irregular masses, when it arrives at the works, it is 
necessary to reduce its size in order to charge it into 
the retorts. In the early days, when Boghead coal was 
used, a gang of men, supplied with long-handled 
hammers, used to be kept busy breaking up the coal to 
the requisite size, but when shale supplanted Boghead 
coal, it was found that even a quadruplication of the 
number of men did not enable the supply of broken 
shale for the retorts to equal the demand—so difficult was 
the shale to break—and therefore it was found necessary 
to devise some other and cheaper means of doing the 
work. This necessity led to the invention of a mechani¬ 
cal device, the construction and working of w'hich will 
now be explained. It consists of a large wooden 
hopper B (Fig. 2), constructed of heavy timber, and 
lined on the inside with iron plates securely bolted to 
the wood. The upper portion of the hopper, and on 
the side on which the shale is received, is built at an 
angle, so as to prevent the shale falling .directly on 
breakers c c, and causing undue strain to the machinery, 
but at the same time the angle is such that the shale 
cannot remain on it, and has to slide down. The 
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breakers are cast-iron discs, provided with coarse teeth 
on their periphery. These dis(!s are about 3 feet in 
diameter and about 3 inches thick, wliilc their teeth 
are al)out 3 inches long by t-J- inch wide, by 3 inches 
high, and the centre of the disc is cored square to 
fit a shaft with a square cross section of G inches. 
A sutticient number of tlicse discs arc placed on two 
shafts to form what are practically two toothed rollers, 
about 9 feet long, with their teeth running diagonally 
acros.s thcin. They are placed parallel to each other 



in the hopper, with a tooth clearance of about an inch, 
and are connected by means of heavy gears so as «to 
revolve towards each other and thus draw down the 
shale and cru.sh it as it passes between them to the 
lower hopper D. The lower hopper acts as a reser¬ 
voir for broken shale, and is closed on the bottom by 
an iron slide actuated by the lever 0. 

As the ^side-dumping wagons A arrive along the 
elevated track N they are dumped into the hopper, 
and the small trucks or “ hutches ” E are then filled 
and pushed to thci foot of the incline F, where tbs 
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endless chain G engages in the projection I on each end 
of the truck and hauls it up the incline. The axles of 
the wheels of these trucks are set as close together and 
as near the centre (lengthways) of the truck as possible, 
so that the attendants who charge the retorts can, with 
a slight eifort, easily tip the truck and discharge its 
contents, after loosening tlie catch L that holds the 
swinging ends K in place. Each truck is constructed 
so as to hold just sufficient shale to charge one retort. 
Wlicn a truck is emptied it is run on to the down 
track of the incline, and its projections, I, engage in 
the (udless cdiain that is travelling in the direction 
of the' breaker, and it is by this means prevented from 
“running away.” The whole of the machinery and 
gearing connected with this part of the work is not 
showni in Fig. tl, as it would be more or less confusing, 
and it is sufficient to say that the endless chain G is set 
in motion by sprocikct-wheels or sheath-pulleys geared 
from the engine that runs the breakers. 


Retorts. 

In the infancy of the trade only two forms of 
retorts were in vogue, namely, the horizontal and 
plain vertical. When the late James Young first 
started his oil work at Bathgate, he used ordinary 
D-shaped horizontal gas retorts, each of which was 
fitted wiiii a screw running lengthways through the 
centre and worked from the back end by “ tooth and 
pinion ” wheels. The coal (Boghead) was fed into the 
retort from a hopper (placed above the front end of the 
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retort) and was carried along by means of the rotating 
screw and discharged into a water lute or trough of 
water at the back end. About two years after Young 
started, he erected three cylindrical cast-iron retorts 
vertically in a fire chamber that was common to the 
three ; their tops wore surmounted by hoppers, while the 
bottoms were sealed by dipping into troughs of water. 
Either Mr. Young or Mr. Meldrum was in constant 
attendance during the first week of the working of 
those vertical retorts, and by the end of the week the 
retorts had proved so satisfactory that Young told 
Meldrum that their fortune was made. The horizontal 
retorts were then almost entirely supersedetl by the 
vertical retorts, which latter were cylindrical cast-iron 
pipes about 18 inches in diameter by 10 to 11 feet 
high. 

Owing to the tendency of Boghead coal to .swell 
and the broken pieces to stick together when heated, 
considerable trouble was e.xpcrienccd in manipulating 
these straight cylindrical retorts, as the spent coal 
would not readily pass downwards, and the lumps 
had to be separated and pushed down with iron bars. 
In oi’dcr to overcome this difficulty, Young had some 
tapered cylindrical retorts cast, and set them in brick¬ 
work with their larger end downwards and sealed in 
water the same as the former ones. Each retort was 
fitted internally with a helical screw, the shaft of which 
projected upwards and was surmounted by atgear. A 
main shaft that ran the length of the retort benches 
supplied power to the screw gears and kept the screws 
moving at a very low rate of speed, which was just 
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su^cient to keep the contents of the retorts in constant 
motion—and that in a downward direction—and prevent 
them from sticking together. This method of construc¬ 
tion and working proved highly successful, and was 
continued for about eight years, when, owing to the 
introduction of a radical change in the shape of the 
retort, tlie use of the screws was discontinued. The 
erection of a set of screws to work out the shale from 
the water troughs, and thus save labour, had been 
completed, but some experiments in that line showed 
that it did not greatly decrease the manual labour, 
while any saving in labour that was effected was more 
than offset by the cost of keeping the machinery in 
repair. 

The change in the shape of the retort that led to 
discontinuing the use of the screws was instituted by 
A. C. Kirk, who constructed a retort with an elliptical 
cross section and very much larger at the bottom than 
the top. The motive for giving the retort an elliptical 
form was to give a larger surface for the fire to play on, 
and less depth of material in the retort for the heat to 
peifbtrate, which conditions were expected to improve 
the yield and quality of the crude oil and reduce the 
amount of fuel used in heating the retorts. The 
anticipated results were fully realised, and the elliptical 
shape has been retained in all retort construction since 
then. 

The slftipes and sizes of the horizontal retorts that 
were used by the small works that sprang into existence 
in large numbers in the early days of the trade were 
vpfious. If of large dimensions, they were usually cast 
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in two portions, consisting of the bottom and side* in 
one portion, and the top or cover in another. Fig. 3 is 
a cross section of Bell’s patent retort, which was about 
12 feet long by 1 foot, and 3 feet high. Cowan’s retort, 
represented in cross section in Fig. 4, was 9 feet long by 
5 feet 6 inches wide, and 1 foot 6 inches high. The cross 
section of another form of horizontal retort that found 
great favour is shown in Fig. 5. This retort was ljuilt in 



Fig. 3. 


Fig. 5. 


various sizes, but its average capacity was about 50 cwt. 
One furnace usually .supplied heat for three horizontal 
retorts which were set over the fire, as shown in Fig. 6. 
The charges of shale or coal placed in the horizontal 
retorts usivilly weighed from 5 to 8 cwt., bui^ as above 
mentioned, some of the retorts had a capacity of 50 cwt. 
and over. 

The value of the two forms of retorts (i.e. verti&l 
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anJ horizontal) as regards their respective yields of crude 
oil and cost of production of the same, together with the 



Fig. 6. 


yield of refined products, will now be looked at, and the 
reason why the vertical eventually entirely superseded 
thij horizontal retort will then be easily seen. 
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Table VIII. shows the yields of crude oil from a 
ton of shale, and the figures are the average of a large 
number of determinations made on the working scale. 


Table VIII. 


Crude Oil per Ton of Sbale. 


Kalin of Yield of 

Horizontal. 

Vertical 

Crude Oil. 

• 

Gallons. 

Sp. Or. 

Gallons. 

Sp. Gr. 

1 Horizontal. 

Vertical 

34-20 

•870 

39-79 

1 

•890 . 

100 

116-34 


The cost of distilling a ton of shale in tlie horizon¬ 
tal and vertical retorts was respectively, 157'38d and 
157’56d.; and therefore the cost per gallon of the re¬ 
spective crude oils was :— 

Horizontal . 157'38-r-.'?4'2 = 4'COd. 

Vertical . . 157-.’56-f- 39-79 = 3*96(7. 

or 0 • 64(7. per gallon in favour of the vertical retorts. 

In proceeding to consider the marketable products 
derived from the above two crude oils it will be advis¬ 
able to compare the horizontal “ crude ” with the vertical 
“ once run oil,” because the vertical crude had to receive 
a distillation before its acid and soda treatments, which 
the horizontal crude did not have to. The cost of this 
distillatioi\ was 0 • 5(7. per gallon, and as the fess due to 
distillation was 8 per cent., the 39-79 gallons of vortical 
crude ecjuallcd 36*61 gallons of “ once run oil,” making 
a total cost of 4 * 46(7. per gallon. 
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J'able IX. shows the yields of finished products calcu¬ 
lated on the above basis. 


Table IX. 


Horizontal. 

Vertical. 

Product. 

f 

Yield. 

Yield. 

Gallons. 

Per cent, by 
Voluino on 
Crude. 

Gallons. 

Per cent, by 
Volume on Once 
Kun Oil. 

Naphtha . 

0-8,5,'> 

2 -.50 

0-363 

0-99 

Burning oil 

15-903 

46-.50 

14-831 

40-51 

Crude scale 

1-9.53 

5-71 1 

3-108 

8-49 

Lubricating oil . 

3-401 

10-12 

3-822 

10-44 

Total . 

22-172 

64-83 

22-124 

60-43 


The above yields of products figured at the market 
values of those days realised the following amounts ;— 



llorizontal. 

Vertical. 


d. 

d. 

Naphtha 

10-046 ■ . 

4-265 

Burning oil . 

272-498 

. 254-129 

Crude scale . 

63-277 

. 110-699 

Lubricating oil 

61-915 

57-830 

Total . 

397-736 

. 426-423 


v/e obtained 34‘2 gallons of horizontal “crude 
oil from'' a ton of shale at a cost of i • 6d. per 
gallon = l57-38fi.; and 36‘Gl gallons of vertical 
' once run oil ” from a ton of shale at a cost of 4 • 46d 
per gallon = 163'64Gd. If we deduct these costs from 
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the above values of finished products, we have':— 
397 • 730 —157 • 38 = 240 • 356(i. for horizontal products ; 
426 • 423 — 103 ■ 040 = 202 • 777d. for vertical products ; 
which shows an increase in value of products from a 
ton of shale of 22'421<i. in favour of the vertical retorts. 

By referring back to Tabic IX. it will be seen that 
the horizontal retorts produce more naphtha and burn¬ 
ing oils, l)ut. only five-eighths the amount of (Tude scale 
that the vertical retorts give ; and these figui'cs* taken 
in connection with the fact that the horizontal crude oil 
does not need a distillation before it is ti’catcd, go to 
pi-ovc that the oil vapours arc decomposed in the hori¬ 
zontal retorts, or are broken up into lighter and less 
valuable products than the vertical retorts yield. 

Another important feature in favour of the vertical 
retorts was, that if the current of steam passing through 
the retort was regularly kept up, great uniformity of 
production was the result, and Ihe (|uality of the oil 
was not greatly at the mercy of the tireman. ()n the 
other hand, if the horizontal retoi'ts were, not very care¬ 
fully attended to, the yield of crude oil was liable to 
be greatly decreased, and its (piality was always at‘the 
mercy of the fireman. 

It being obvious that liorizoidal retorts ai'e ujisuited 
for the production of crude oil, we will not discuss them 
any further, but will turn our attenion to the develop¬ 
ment of the vertical retort. 

The vijrtical retorts in which the experiments to 
determine the respective merits of horizontal and ver¬ 
tical retorts were made were of the “ Kirk ” type, and 
their construction is shown in front sectional elevation 
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in f’ig. 7, and in side elevation in Fig. 8. Eeferring 
to tlie.sc two figures, A, the body of the retort, is 
provided with a hopper B; the hopper is composed 
of four separate castings wliicli are, the funnel-shaped 
piece (*, the short cylindrical piece D, and another 
fuiincl-sliapcd piece E, c.loscd. by the bell-valve F. 
To the flange at the bottom of tlie retort body is 
bolted a short casting G, that continues down under 



the surface of water contained in the trough H. The 
products of distillation passed out through the connec¬ 
tion I and into the vapour main J. The shale to be 
charged into the retorts was brought in “hutches” 
along the elevated track K, and dumped on to the iron 
platform L. One furnace, 0, supplied heat for six re¬ 
torts—three on each side. 

^ After the furnace fires had been started and the heat 
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of the retorts had reached an incipient red, the Bell- 
valve F was lowered by the lever M (after the catch 
N had been loosened), and then the shale lyinsj on the 
platform L was shovelled into the retorts; when the 
latter were filled the lever M was raised, the catidi N 
replaced, and the joint between the bell-valve and upper 
hopper E was made gas and vapour tight by mcajus of 
a little moist clay. When ai.xteeu or seventeen hours 
had elapsed since the first charging of a new set of 
retorts, the shale w'as sufficiently “ spent,” or exhausted 
of volatile matter, to allow of the periodical charging 
and discharging to be commenced. Therefore, after, 
say, sixteen hours, a small portion of the spent shale 
was raked out from the water trough (ivery half hour, 
and the quantity thus remo\’cd was regulated so that 
at the end of three hours it eijiialled the quantity of 
shale to be charged into the retort. Tlie removal of the 
spent shale from the water trough allowed a correspond¬ 
ing quantity of shale, to fall from the retort and fill its 
place, and at the end of every third hour there was 
sufficient room in the top of the retort to ac.commodate 
the 4 cwt. of fresh shale that constituted the chaege. 
As the capacity of the retorts were from 20 to 22 cwt. 
it therefore took from fifteen to sixteen hours for the 
shale to travel from the top to the bottom of the retorts. 

The heat from the furnace was first conducted 
around the lower third of the retorts, and then passed 
through pigeon-holed brickwork up around the middle 
third, and then through another set of pigeon-holes to 
the upper third, and from thence through a flue to the 
chimney. There was, therefore, a gradual increase*in 
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the.heat of tlie retort in a downward direction, and 
the shale entering the top had ample time to have its 
volatile matter distilled off before it was subjected to 
the higher heat of the lower portion of the retort, at 
which latter point a large amount of the ammonia was 
produced. As all the j)roducts of di.stillation were re¬ 
moved frojn the i-etort at a point near the top, and as 
nearly ^all the volatile matter was distilled from the 
shale before the latter reached the hotte.st part of 
the retort, it would appear that there was not much 
probability of undue decomposition of the oil vapours 
taking place. However, it was thought that the intro¬ 
duction of a small quantity of superheated steam at a 
point near the bottom of the retort might possibly aid 
the distillation and improve the <|uality of crude oil, 
and the results of experiments in this direction were 


(much to the surprise of the instigators) an increase of 
nearly filty per cent, in the yield of crude oil. Ever 
since those experiments were made (in the year 1860) 
the distillation of shale has always been conducted with 
the aid of steam—if upright retorts were used. Steam 
in S horizontal retoi’t resulted in no benefit, as it simply 
passed along over the surface of the shale. 


The water trough H—which always had to be kept 
well filled with water—besides acting as a seal or lute 
to prevent the escape of oil vapours or gas, also quenched 
the hot spent shale as it fell into it, and when the shale 


was removed from the trough there was no .danger of 
Its setting fire to anything, and could therefore be 
loaded without further manipulation on to railway 
wagons and taken to the spent or waste shale bank. 
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These spent sliale l)anks are monuments to the ,£;oo(l old 
days gone by, and can be seen in all directions in the 
shale districts, and some of tliom reach quite extensive 
proportions, being nearly one-lhird mile long by three 
or four hundred yards wide and eighty to one hundred 
feet high. 

The amount of coal necessary to heat the vertical 
retorts was 5 ewt. per ton of shale distilled. The 
average life of tlie ri'tort.s was about fou)' and a half 
years, luit even at the end of Unit time only the liottom 
third—where the fire had the most direct play—was 
scriou.sly distorted and cracked, and the rose was usually 
in j)crfcctly sound condition. To obviabi the replacing 
of the wdiole of the retort, John (Jalletly suggested 
having it cast in two portions, .so that that part which 
was most liable to be distorted l)y the heat could be 
easily replaced at a compaj'atively small cost. However, 
the suggestion was never put into prac.tical use, and 
eventually this form of retort was superseded by others. 

The first advances made towards imju'oving the dis¬ 
tillation of shale were :— 

1. The adoption of a vertical retoi't. '' 

2. The construction of a vertical retort with an 
elliptical cross section. 

3. The introduction of steam amongst the distilling 
shale. 

It is not intended to refer at present to the forms 
of retorts* that have only been in use 'in limited 
numbers, and our attention will rather be confined, 
with one exception, to the consideration of the forms 
that may be .said to have been of really commertial 
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importance. This exception is the McBeath retort, 
which wa.s in opcratioji at the BelLsquarry oil work 
about the year 1807, and is sliown in section in Fig. 9. 

A is the retort ])rop('r, hung up in tlie brickwork B 
by the Jugs a. The upper ciisting a' was provided with 
an outlet pipe (1 and an opening F into which the hop¬ 
per h‘ iitted. (T was supjdied with a steam injector y, 
whicli, aided by the fan blower K, caused a constant cur¬ 
rent of vapours to pass along through G" to the main H 
leading to the condenser, and in that way helped to 
exhaust the retort of the oil vapours as soon as they 
were formed. The letort was (operated by fdling it 
with shale through the hoj)pcr h'', and then lighting 
coal fires on the j)ortion of the grate-bai’s I near the 
furnace doors d. After the reepusite heat had been 
attained, and tiie distillation had commenced, small 
])ortions of the sp(‘ut shale wei'o ralced out from under 
tlio lower extremity f! {)f the retort, and alknved to burn 
on the bars where (he coal lire was started, and the 
products f)f combustion suri'oundcd the retort in their 
])assage through the oven C to the flue C" leading to 
til* chimmy. The air supjilicd foi’ the comlrustion of 
the sjieut shale was admitted through the perforated 
iron boxes iP, which were secured to the furnace doors 
d- The “ burnt” shale dropped through the grate-bars 
into the ashpit E, a,nd some were also occasionally re¬ 
moved Eirough the furnai^e doors. This retort being 
circular in'shape and large in diameter was a backward 
step in economical retorting, but the principle of its 
working embodied the principles on which the Hender- 
soH retort and the coal or heating retort of Young and 
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Beilliy’s .shiilo retorts were later constructed. As lu.ust 
be apparent, IMcBeatli’s idea was to distil tlic, slialc, by 



means of the heat derived from the comlmstion of the 
carbon left in the sj)ent shale. He saw that in order 
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to^‘iccoinplisli this will) lii.'S apparatus, tliorc was a pro- 
lialiilit tlial llic producls ol'ilisi illation would bo drawn 
downwards by llio dra.uybt of the chiuiucy and l)e 
coiisuiiicd in llu', furnace, and tliercfore he introduced 
the sic.aju injector and fan l)lower with a A'icw to 
countei'.'ictiijy' (Ids draufrliL. Kuowiny^ tii.at too oreafc 
:i suction on the, \',ij)onr jhpe would be as detriineiital 
to the yield as an uneoiinleracted draue'hl, lowards the 
chiiuiiey, by causiiio Ihe fire to be drawn up into the 
r(‘tor(, he had the vapour pip(‘ (J casl. with a.n ojkui- 
ino on the lop into which lilted an iron jiluc;. d’ho 
pei'iodical rcnutv.'d of this jiluy and introduction in its 
place oi a watei' yjiiice showed how the .suction there 
coni]iar''(l with tlu' known di’antjht of lh<‘ chiinnev, and 
il thei’c w.as any dill'erence it was e.asilv corrected by 
means o[ either the Jiijeclor or blower. 

Ha\iuyr noted this spec.i.al step towards (‘cononiy in 
siiidc disiillalion, we will now look at the construction 
.and woj'kino of the I baidcrson ” retort., which type 
enjoyed a lull share of p.atronace for nianv years. 

Ihe [)rincij)al fealuri'S of tlni llender.son rc'tort are 
the uiilis.ation o{ the carbon in the .sj)ent .sh.ale and the 
"as resulting Iroin t.he distillation as fuel, and, also, the 
adojition ot a, dow'uward distillation. A,s the natural 
tendenc.y of oil va.])otirs is to rise, itwais considered that 
makiny them travel in a direction eoiitr.ary to their 
natural one by driving them dowinvards through the 
shale cout.aiucd in the retort— w'ould have, j he effect of 
partially purifying them and giving a bc'.tter quality 
crude oil; how far this theory wa.s correct will be shown 
•shortly. (See p. SO.) 
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The retorte A, Fig. 10, were made of cast iron wth 
an elliptical cross section, and were placed in a vertical 
position in an oven B that was common to four of them. 

Tltc ovpji was heated 

J j^ })j file two furnaces 

C, and cacli furnace 
was coninion to two 


[ retorls. The t.\yo fur- 

M ' . , naces were separated 

/ .1 n hv the dividing Avail 

\' * ♦ \ '' 
jl h I pT'oducis 

nln '1 ij of conilmstion Avere 

J j ] ' 1 1 1 

>|j; I 1 conducte.d upwards 

I ’ 1 l'. 1 through the Hue E 

i; j ^' Jj discharged into 

■ '/ -■ i I ^‘ i the oven at a jxiint 

'' aliout lialf-AA'av up tlie 

^ retoiis, and then had 

^ ,$n I )• |~ir tX d()AVilAA';il-d 

J A __j ' :;J 'I_ u course licfore they 

/ 1 could escape through 

L ]|[__j the iron cliimneys ‘F. 

1 j’ w 'I’o start these rclorts 

_y _ —y it Avas first nci-essary 

t..- - .-,-r to light a coal tire in 

j„ the two furnaces — 

supfilying the fuel 

through l,hp furnace doors G—and Avhen the retorts 
had attained the proper heat, one of them was tilled Avith 


I ^ ^ 




shale by removing the cast-iron cover H of the hopper I. 
After the lap.se of four hours, another—of the set of fonr 
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retqrts—diagonally opposite to tlic first * was charged, 
and so on until the four retoi’ts were filled, and every 
five houi's thori'aftcr one of the set was emptied and re¬ 
charged in the order in wliicli it was filled. In that 
way the shale remained sixteen hours in the retort 
hefore the lime for rcehai'ging that, retort came round 
again, and after that time had exjiired a tool Jv, called 
“ the inonkey,” wasplacial so that its short arm engaged 
in the [ilate L that closed the hot tom of the retort, and, 
while laang held in this jiosition hy an upward hand- 
pressure on ils long arm, the iron wedges that held the 
plate ill place were loosened and removed, and then, hy 
lowering the long aian of the monkey, the jdate was 
carriial over to tin' position shown on the left-hand side 
of I’ig. It), flat hefore the jilate was thus lowered, the 
upjK'r furnace door .M was placial under control hy 
means oi a long-handled hook, and as the, plate was 
hemg removed from its ]ilace 
it was closely followed hy the 
door jM, which latter, in its 
new position, acti'd as a guide 
fop the shale deseendiug from 
the n'lKii't. to the furnace hclow. 

Supposing that (f) in 
hig. 11 was the retoi't just 
recharged, then the time for 
recharging (;j) would he eight 
hours later, and as the retort could not he jlischarged 
until the furnace hclow it was emptied, it follows that 
the spent shale from a retort acted as fuel for a space 
* See plan of the retorts, Fig. 11. 
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of ciglit hours. In order to eni])ty the furuaccjl an 
iron truck N, called a “hutch,” was run under it, and 
then the long arm of the grjitiug () wa.s pulled down and 
the l)urnt shale allowed to fall into the hutch. After 
the furnace had been thus emptied, the grating wa.s 
carried hache to its formei' position h)' the counter¬ 
balance weight P. 

The products of distillation left the, retoji through 
the- connection Q.and after the gas had been freed from 
oil, &c., it was returned through the ])ipe 11 and burned 
in the furnace for find. 

These retorts clfected a great saving in labour oN'cr 
the, old foiau of vertical retorts. In the first place, 
instca<l of dumjung the shale on a jdatfonu, and then 
shovelling it by hand into the retorts, the latter wnre 
so (;onstru(d-ed that a set of rails could be permanently 
laid over the to]) of them, and hutches containing the 
shale travelled along these rails and simply had to be 
ti])ped over an open retort in ordcu' to charge th(‘ latter. 
The discharging of the furnac.e was e(jually expeditious, 
and th<! hutch full of burned .shale wais removed by an 
endless chiiin acd required but litth’ manual labour. • 

Ten men were able to put through 05 tons of shale 
with the H(',nderson retorts, while the same amount of 
shale required M'5 men with the old vertical retorts; 
or al)out two me,n for the forme.r, for three for the latter. 

The coal required for working ttie. Henderson re¬ 
torts was. about 2 • 5 cwt. per ton of shalt! distilled, 
and of this about 1’5 cwd. was used in the retort fire 
chamber and the other 1 cwt. in raising the steam 
(in the boilers) used in the retorts and driving the 
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mj^hinery in coniicc.tioii thcrcwitli. Therefore, the 
amount of coal necessary to run tlie Henderson was 
only about one-half that needed for the old vertical 
retorts, and was due to the use as fuel of the gas given 
oft'during the distillation ; and it was also supposed to 
be largely diu' to the utilisation as fuel of the carbon 
left in the spent shale. t)f course the spent shale from 
the ol(l vertical intorts could not be used as fuel, owing 
to it having been drawn through the water trough at the 
bottom of the j-ctorts and rendered too wet to burn ; 
but even the utilisation of the spent shale from the 
Hendd'son retorts as a healing medium was certainly, 
in the manner in which it was done, a backwai'd step in 
economy rather than otherwise. As sIkjwu in Fig. 10, 
the gas for combustion was distributed in the furnace 
close to the, bottom, and had to burn its way upwards 
tlirough the shale. It is (|uite evident that here was a 
weak ])o,nt in the heating arrangements, because the 
spent shale when (b’oj)ped from the i-etoj’t was compara¬ 
tively cold, that is, it was not above a black heat, and 
therefore! it reejuired a largo amount of the heat evolved 
by the combustion of the gas before it imparted any 
heat itself to the retorts. It is therefore ajeparent that 
if 1.he gas was led into the furnace at a point above the 
spent shale, the whole! of the heat that hael been rcepdred 
for heating the spent slude to ceembustion point would 
be saveel anel ntiliseel for heating the retorts, while, at 
the same "time, the spent shale lying in iJie furnace 
would impart e'onsider.ablc heat to the <'iir, necessary 
for the ceimbustion of the gas, as it passed up through 
it# The author examined the gas burned under the 
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retorts willi a vie.w to (Icterniiiiiiiij ■wlietliei' its caloi'ific 
power was suilieieiit to iiiaiiitaii] tlic rei|um‘(l lieat for 
the retorts if ulilis(Hl in tlie inannei' just referred to. 
Tlie. r<‘sults of a lavjjjer nninher of determinat ions proved 
coneinsively that the ealoritie power of the wliole of 
tlie eas from one retort was a good deal more t han sufli- 
eieut to ijiaintaiii a, distilling heat on that retort for 
the i-ei|nired peiiod of sixteen to sevoJiteen lioiirs, l)Ut 
as the retorts are not tonehed, as regards ehai'ging, from 
Saturday afteiiioon until Sunday afternoon, the shale 
has hy tliat lime ceased to gi\’e oil' gas. and tljei'efore 
coal wcadil require to he huiaual in tin; furnaec's for 
al)out twelve hours, starling at midday Sunday. Ity 
adopting this ine.lhod of Imniing the gas, iJie coal 
consumed in tin; retort fnrnaees could he reduced to 
()■,') ewt. per Ion of shale distilled. 

Till- one ohjeetionahje feature, in the eonstnu-tion of 
thivse j-etoi'ts uas the constant emitting of no.xionsgases 
from the. .short ehimmys, llms seriously ]iolluling the 
atmosphere in which the ret<.ii't atlendauts had to work. 
At .sonic of the works, tliese short chimneys were, eon- 
neered into a tine common to them all, jiassing rdoT.g 
the, side of the retort hene1 1 and leading to a tall hrick 
chimney. Tlierc is one thing in favour and one against 
this latter method of disposing of the no.xion.s ga.scs, 
and, looking at it in a favourahle light, it is at once 
apparent' that it rid.s the atmosphere in the immediate 
nejghhourhood of the retorts of the sulplfurous and 
carbonic acid gases, and Ihei-efore makes it healthier for 
the men employed at the retorts ; but, looking at it in 
the other light, we see that the purpose for which the 
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Klitii't cliiinneys were niciiiit—to prevent ovci-luintiiio l)y 
hiiviDy too oi'C'al a (Iraiiglit—was jiractioally frustrated, 
hecausc fJie drau”lit of a 1a)l stack is far more liable to 
\ariatioiis Ilian that of a sliort one, owiii" to its hic'h 
altitude, and nocessitates the cui]iloyuient of extra 
atteudauls to wab-h the heal and j'cmdate the danip(‘rs. 


T.MiLli X. 


TToiir Jifl'T 

llinirly Vicltl of tlruilo Oil 
in (liitlons. 

' lloiiily Yield of Ammonia 
! (i xpriksftcii as SuljdiatL') 

: in II IS. 


, No. 1 Slmlo. 

No. 2 Slialc 

No. 1 Sbrdc. 

No. 2 Slmlf*. 

Isl 

Nil 


1-010 

2-l;!7 

liiid 

o-ar, 

1 -ao:, 

2-8II 

l-tll 

:;r(l 

1 ■ s:, 

i • '.is; 

0-501 

0-701 

■nil 

‘j-r.a 


0-10:l 

0-420 

r,th 

iMii 

;M;i(i 

o-:;:!0 

O-lll:! 

ntJi 

;!-:,(i 

;!-7()(; 

0-401 

0-410 

7 til 

t-(ii; 

:;•:«(»() 

0-515 

0-517 

8 til 

tl-SJ 

2-7r,0 

0-7:-!l) 

o-o:i;i 

tall 

2-2:. 

2-0'.)U 

0-!l80 

0-001 

lOth 

2-o:t 

l-2r,o 

0-11:12 

0-525 

mil 

l-tii 

1 •250 

0-.572 

. 0-75!) 

i2tii 

1 -22 

0-500 

O-.580 

0-712 

itith 

,, o-8i; 

0-;i85 

0-402 

0-500 

J4th 

Nil 

Nil 

0-:i04 

0-528 

]5tli 

;j Nil 

Nil 

0-405 

0--148 

llith 

it Nil 

Nil 

0-.':87 

0-410 

17th 

il 

•• 

i 0*1(15 

1 


Total 

i 

;! 27-tit! 

20-,582 

14-740 

11-229 
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The shale charged into a Henderson retort weighed 
17 cwt., and by referring to Table. X. we can follow the 
pr()gre,ss of llu' distillation of that weight of shale from 
the start to the finish. 

We see, by this last table that the shale yields up 
all its oil bv the end of the thirteenth hour, and that the 
further eoiitinucd I’etorting results in the production of 
aininoiiia only. As stated some pages back, th(i whole 
of the ammonia, is not obtained from the shale until 
the carbon in the latt(‘r has been entircl}' elimiua,ted, 
and therefore, the shale in a, Henderson would continue 
giving off a small quantity of ammonia for .some days, 
because, I, he heat is not sufficient to eliminate the 
nitrogem (that forms the ammonia,) rapid!}' <-nough to 
e.vhaust the supply a,ny sooner. The value of the, 
ammojiia obtained by continuing the. retorting after 
sixteen hours have ela 2 >sed, is .small as compared with 
the extra co.st and outlay of apparatus that would be 
necessary, and therefon; it is clnaqa'.i- to content oneself 
with a smaller yield of ammoniii, .and confine the shale 
in the retort for only sixteen honr.s. 

The life- of the Hender.son retorts of c.ourse hirg^ly 
depends upon the usage they get, and the jtractice of 
.some companies of working their retorts by contract 
cannot be too .strongly condemned. The man who ha.s 
the contract, being paid tiecording f,o the yield, increases 
the heat on the retorts (as soon as filic oil has distilled 
off) in oreVir to obtain as large a yield of ammonia as 
possible, and by so doing he greatly shortens the life of 
the retorts, and cases are known where they have only 
lasted for three years where the work has been dane 
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by contract. On tlie otlier hand, retorts tliat have 
received (-arcfiil handling liavc been known to be in aa 
good condition after live years’ constant use as when 
iirst erected. 

K comparison of the yields, &c., of the products from 
the old A (‘rti(^al and J lendcj-son retorts will here be of 
interest, and is shown in Table XL 



• 

Table XI. 



Henderson. 

11'luot Vortical. ITi-lbiit VorUcal. 

Criidt-* Oil. 

Tdt.'s. 

' ; Sulph. 

Sp. ! Aiiiiiioii. 

Orav. 

Ciudc Oil. ' Crude Oil. 

^ L»>s. 

" Suljili. “ 

Sp. 1 2\iuiium. Sp. 

: Orav. [Oidlons. CJruv. Onllons 

IdlS. 

Suljih. 

Amihun. 

872 

2:!-2!) J;i-07 

. 

S74 20-^12 877 

27-17 

18-01 

SC!) 

22-21 . l()-;!2 

870 22-70 10-20 ii 87:1 

21-80 

10-81 

SC!) 

22-:iC JO-12 

870 1 21-10'17-80 ij 877 

27-00 

10-20 

8(i7 

20-78 ■ C-OIi 

881 22-14'10-12 J 870 

22-70 

20-44 

8(1!) 

20-81 I 8-t(; 

870 122-00 20-21'. 87.'; 

21-.'■.2 

17-.00 

s70 

2 :i. 8 s'jo-;!i 

884 121-00'22-20- 870 

24-2;i 

18-10 

H7t 

22-tl112-81 

881 22-40 20-071 872 

22-21 

12-32 

O 

21-:m 10-01) 

; 882 j 21-74 21-88,1 877 

20-71:22-54 

870 

2;i-.')7 ll-li.C 

, 880 i21-07 18-10 ' 870 

1 

27-01 

10-18 

Aver. 

1 

22-47110-81 

.. 22-47 10-04 / .. 

1 ' 

20-00 

17-91 


The shales used in obtaining the above tabulated 
results were charged into the retorts, so that both the 
Henderson and vertical received practically the same 
shale in each test, and we therefore see that while the 
Hepderson gave the same average yield of oil as the 
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11-foot vertical retort, it gave only al)oiit oiie-lialf the 
yield of aTiinionia. Also, a,ii iiierease in height ofd feet 
in the vertical retorts, while henelieiaJ to I he yield of 
oil, .seemed to he disadvantageous for the jiroduction of 
ammonia. These iigures fi])j)eiU' to lie decidwlly in 
favour of the regular 11-fool, vei'tieal retorts, when we 
consider that, suljihale of ammonia is one of the most 
valuable products; lint we shall see that tiie use of the 
Henderson in place nf the vertical retorts yiehls larger 
profits. Henderson claimed that his retort gave a purer 
oil and therefore larger yield of linished jirodiicts, and 
by turning to Table .\11. we, .see that, that claim was a 
decidedly correct one. 

Table XII. 


Finish' .! rroiliif't.h. 


^.'rutlo Oil. 


('rude Oil. 



Vrrtical. 

1 ll'ditlcrsiin. 

Vortical. 

JhudcrcOTi. 

Naphtha 

Nil 

i-.td ' 

.->MIII 

.7-00 

Burning oils 

■11-I.-) 

i ,11 mu; ! 

;;;iM;ii 

:u; • Kti 

Intermediate oil . 

1 

! IMM ■ 

i;-on 


Crude scale. 

11 MM 

|:!M)(i 


10-4‘'- 

Lubricating oil . 

KiMKi 

, 17-12 

1.V40 

17-2ft 

Total per cent. 

7-1 Mil 

! 77-ti2 I 

1 : 

C8-!U; 

72-7)7 


Not only did both tihe above comparative results 
from two kinds of .shale* show an increased total yield 
of finished jiroducts, but there was ahso a large increase 

• The yields of crude oil from both the Hondersou and vertical 
retorts wore jiractically the same. 
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in tlie percentage of crude scale in the Henderson crude 
oil o\'cr tlic vertical, and this was a most important 
point in favoui’ of the former. 

A slioi't summary of the foregoing facts shows :— 

1. That the llendej-son retorts required only one- 
half the fuel that the vertical nc(;ded. 

‘1 That the ITcuderson retorts required only two- 
thirds of^thc lahour that the vcitical required. 

o. That the Henderson gavci only one-half the yield 
of ammonia- that the vertical ret oris nave. 

O 

4. That the j'icld of crude was jmactically the same 
from both j’ctorts. 

5. That the yield of finished products was 3 percent, 
larger from the Henderson iJian from tlie vertical crude 
oil. 

(). That the yield of (Tude scale was 1 ‘3 per cent, 
larger from the Henderson than from the vertical crude 
oil. 

Taking all the above facts under consideration, we 
find that, from a “ profit ” point of view, there is a 
decided halance in favour of the Henderson retorts. 

•The. next retort that came into prominent notice 
was I’eilhy’s, and its general construction can be followed 
by referring to Fig. 12, in winhdi the side elevation 
of two retoi'ts is shown. The cliamber B, surmounted 
by the hopper A, was (common to four of the cast-iron 
retorts IT, and the lower ends of tlie latter were jointed 
to the fire-(day cylinders C and I), while the lower end 
of D was jointed to a short cylindrical iron casting E, 
w'hich continued down below the surface of water con¬ 
tained in the trough F. The retorts were heated by 
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means of a funiiic(\ not shown in tlie illustration,•and 
tin: funiace Ih’cs first passed into I he ehaniher G and 
then up into llie intermediate ehaniher IJ, from whieh 
they escaped to the ehimney. The njijier ehaniher I 

was lu'ated iiarti)- hy 
radiation from tlie one 
helow, and partly hy 
hni'iiino' snllieient nas 
in it to maintain the 
“np[)er” rei.ort B' at 
an ineipii'iit red heat, 
'file products oi' distil¬ 
lation passed away to 
the main li Ihroupli the 
eonneetion K. 

Jn working these rc- 
loj'ts the tire-iday portion 
was at a hiiylit red heat 
and llie iron jiortion at 
a low red or almost 
lilaek heat. Tlie shale 
was de])rived of its 
volatile matter in the 
iron retort, and when it 
passed dowm into the 
highly heated clay re¬ 
tort the greatest portion 
of its nftrogen was there eliminated. Of course the 
dropping of the shale from one portion of the retort 
to the other was done progressively, and in much the 
same manner as in working the old vertical retorts. < 
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3y the use of ilie Beilhy retort the oil \vu| distilled 
from the sludo at a low lieiit, and tlie most of the 
ammonia was ])r()due(!d hy suhjecting the spent sliale 
to a very higli heat, and llins the conditions j'erjuired 
for the conjoint jirodm-tion of jnaximum yields of Iioth 
oil and ammonia were to a huge extent olitained. 
lloweMM', the adojition ot these relorts was nearly tlie 
niin oj some ot the oil companies. The tire-clay 
portions not heing eajiahle of withstanding tlie sudden 
alti'i-ation of t.eniperatnre causeil liy a c.omjiaratively 
cool .shale, from iheiron retort, hciiig lirouglit in eon- 
taet wiih their liighly heated siiiTaees, resulted iu their 
never heing long at work liid'ore they cracked, and, as 
soon as that liapjtened, the furnace fire was not long iu 
fimling its way into the retort and cau.sing e.xplosions. 
This form of retort, therefore, could not. ho called a 
“workin-” .sncee.ss, and, as it could not ho worked 
eeoiiomii-.dly as reganls lahonr, it went entirely out of 
use ahoul, the year LSS;). The averageyield of products 
from the. Bedh}- retorts as compared with thellendcr.son 
and old vertica.! was lowiw as I'egards ci’ude oil, hut very 
fliue.li higher as regards ammonia, as will he seen by 
looking at Table XIll. 


Table XIII. 


I'roduct. 


Crude oil (per ton) 

t>ulphat8 of ammonia) 
(per ton) . 1 


___ _ 

Yield from 


Vortical 

Henderson 

Bi-ill>y 

Ketorfs. 

llotorts. 

Kt torts. 

— . . 

-- 


23-49 gals. 

23-27 gals. 

21-05 gals. 

20-97 lbs. 

11-57 lbs. 

30-3f)lbs. 
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Tal)leXIV. kIiows liowtlic yield of fiiiislicd produets 
from tlic Beilhy crude oil com])iired witli tlic other two, 
and from it wc see tliat tlic results are very much in 
favour of the former, which, althoucji giviiijf one jjcr 
cent, less total finished products, gave nearly 11 *5 per 
cent, more ei'iule scale than the Trenderson crude gave. 


Tabi,!) XIV. 


Finisliod Product. 

Vortical 

Criitle. 

Hf'iidcrson 

Criul(‘. 

Beilby 

Crmle. 

Naplitlin .... 

.t-oo 

.0-00 

2-00 

Burning oil . . . 

38-30 

30-8,3 

33-80 

Intormodiato oil 

fi-on 

3-00 

5-00 

Crude scale 


10-18 

12-'ll 

Lubricating oil . 

15-10 

17-20 

17-30 

Total per cent. 

08-'k; 

72-57 

71-10 


While Henderson and Bcilby were designing retorts, 
William Young was also working in the, same dire<‘(ion, 
and jH'oduccd a retort that was constructed on very 
much the same princijile as Bcilhy’s, only that it was 
made of cast iron throughout. The lower casting that 
was subjected to the high heat was soon burned through 
and rendered useless, and the j’etorts, therefore, were 
never used except experimentally. 

Seeing .good points in each other’s retorts. Young 
and Beilby jiut their heads together and conjointly pro¬ 
duced a retort* that has practically superseded all other 


* Often called tlio Pentland retort. 







fofnis. The front elevation of these retorts is shown 
ill Fig. 13, while Fig. 14 is a side elevation of the 
•shale retorts, and Fig. 1.5 a .side elevation of the coal 
retort and .steam superheater. The dLstilliiig chamher 
A (Figs. 13 and 14), which is made of ca.st iron, is 
common to four oil retorts B, which latter are also made 
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effects a lai'e;e saA'iiig in cost of I'c'ffning. Tliis partfial 
purification is said to l»o effected lluis :— 

“The. sn|ic]'licated sleani, gases and annnonia ])ass 
from Ihc Idghdieateil retort up througli the shale or low- 
heated retoi't, assisting in the destructive distillation 
and the cliniination of the, oil in the form of vapour. 
The whole of the couihined oil, w.ater vapour, g.as and 
ammoiiia ])ass up through the c.old shale in the chanihor 
above, causing the (iondensatioii of the oil vapmu's, and 
at the same lime heating the shale. 7’his coiideusation 
continues so long as the teni])eralure of the shale, 
remains sufficiently low, .and tiu' shah' being covered 
with tIu' oil v;ipours, entangles .all mecluinical im- 
jnirilies which would be carried foi’ward with the oil. 
As the tciupei'atun^ of the sh.ale in the chamber 
gj'adu.ally in(a’ca,s<'.s by the continuous flow oi' the 
heated gas('s iind vapoui's ilu'oug'i it, the jnore \olatile 
of the previously condensed oils revolatilise, and as tin; 
temperature go('son increasing, the IcsS and Ic.ss volatile 
of tlu'so oils are evaporated, until by the time the 
distillation of the shale in the low-heiited rei.ort is 
completed, the, l.-ist traces of tin; jaev ioiisly eondenscll 
oil are re.volatili.sed a,nd the shale heidcd to tempcr.i- 
ture ii]>proachiug the, point of decomposition,” 

The above extract from Young and lleilby’s .speci¬ 
fication exactly explains what, takes place iji eve.ry form, 
of verticid retort, but it h.-is lieeii found in practi(a! tluit 
crude oil frfitu even the Young tind J’xiilby retorts cannot 
bo pro])erly refimal tinless it receives the preliminary dis¬ 
tillation, iuid therefore, the co.st of tha t part of refining 
is not .saved. 
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•Tlie moHt novel tliiiifi; alnnit tlie retorts is the 
lieatinjn' aiTanfrenieiits. Si.xleen of tlie composite retorts 
are inehjsed in two ovens 13, and l)ctwecn the latter is 
placed the coal rehort E (Fi"s. 1,3 and 15). Tliis coal 
ixdort is eo]]strueted of firc-itrielc and its lower half is 
provided will) a innnlier of jhgeon-liolcs that open into 
the two ovens, and its 
lower exlrt'inity ends 
on gi-aie-hars, and is 
provided with a I'ur- 
nai-(' door. Snpjxisijig 
e\’ei-\ I iiing i,o he in 
Working older when the 
coal reiorl is ciiarged, 
the (oal coniing in con¬ 
tact witli tlie hot sides 
of tlie. retort and the 
snj)er’liea.i(‘d steam and 
o.-ises (w)iich are kept 
constantly passing u])- 
wards) iimnediately he- 
gins to jirodnce gas and 
ammonia, and tliese lo- 
g’ether with the other 
gases, and steam, are 
drawn oil at 1 he top of the retoi't into a main B (Eig. 15), 
and alter the animoniacal steam lias heen condensed, and 
separated from tlie gases, the latter ar(> returned to the 
retort and enter neai’ the hotlom. One portion of the 
returned gases again goes through the process just de- 
^rihetl, while the othci' portion is drawn through the 
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pigeon-holed Inickwork into the oven D (Figs. 13 <^nd 
14) surrounding tlie retorts, luid is tlicro consumed as 
fuel for heating the coal retort, sixteen shale I'etorts and 
the steam su]icrheatcr C (Fig. 1,5). The coal retort is 
worked so that the draught in the Hues of the f)ven 
as near a.s j)ossil)lc couutcrhalancos the slight vacuum 



Fill. 15. 


maintained in the retort 
and connections leading 
to the exhauster, and in 
that way the gases gene¬ 
rated in the upper jior- 
tiou of tlie reloit can 
he di’iiwn off without 
danger of the lii'c heing 
drawn up in at the 
hnver end ; in fact this 
coal retort is w'orked in 
a A'cry similar manner 
to that alread}' de.scrihcd 
for Avorking hlcBeath’s 
shale retort. By the 
lime the coal hasAvorkcAl 
its Avay down in the 
I'clort and reached the 
grate-hars it. is reduced 


to ashes, and the latter are periodically remov ed through 


the furnace door 1) (Fig. 15). This me.thod of handling 


the fuel for.thc shale retorts results in the most, of the am¬ 


monia, contained in the coal, being secured, whereas by the 
former methods of heating this ammonia was entirely lost. 
The Young and Beilby retorts are like most others 
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as segards their length of life, aiul if placed in the 
hajids of careful workers and, more especially, if not 
worked at too high a heat, they should last from six to 
seven years ; hut if worked with the vi(!W of obtaining 
the maximum yield of sulphate of ammonia fi'oni the 
shale and, therefore, at a very high heat, they will last 
hut two or thre(' yeai's at the most. In the long run, 
therefo]-e, it is eheapcsr to sacrifice a little ammonia and 
thus lengthen the lih; of the retorts. 

It is rery hazardous to allow these retorts to cool 
down, as the cooling (^auscss the. joint between th(! cast- 
iron and fire-brick portions to open, and the joint cannot 
be efieetually closed again without pulling dowji and 
rebuilding the brickwork. It is therefore necessary to 
keep thc'se. irtorts constantly working, and the old 
custom,-iry i-cst fi'om Satiu'day aftenuxm until Sunday 
afternoon cannot be indulged in. The, retoits arc 
charged cv(‘ry .si.x hours, and tlu! rveight of the charge 
is 7 cwt., and a retort distils 28 cwt. of sliale per 
twenty-four hours. Before the retorts are charged a 
(juaiitity of spout shale (ecjual to the ch.ai'ge) is with- 
drawu to an iron hutch from the “ammonia” portion 
by opening the door I) (Fig. 14). 

Tlie Y oung and Beilby retorts now" in eoui'sc of con¬ 
struction at some of the works are built entirely of 
brick, and have a round cross .section of 30 inches in 
diameter at the l)ottom ami 24 inches at the tf)p, and a 
height of 50 feet from the ground to the top of the 
retort. The results obtained from some of ihese enor¬ 
mous retorts that have just been put into operation are 
sajd to be very .satisfactory indeed. 
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Thu cost Ilf numiiio- t he ^ oiino' .-niil I’cilhy retorts 
coni|jari;(l very favoiiralilv wirli thal ul llic Jlciiilerson 
retorts, ami the yields from ilie former ai'e very eon- 
sidcralily in tlieir favoin-, as will lie 'leioi ly referi'inc' to 
Tables XV. ami XVI. 


TAiir.K XV. 


Prod net. 

[ IJcndcr- 
aon. 1 

Yomi" 
j find 
JkWU 

[Iclnk-- 

auii. 

! ' 

..ihI 
] oi'bv. 

1 Ml'Tirl^T- 
S' 111, 

1 Venn:' 

I and 

1 lU'illiy. 

i 

Crude oil (gals.) ' 

! 

>10 -‘jn 1 

■SI -no ! 

rims.; 

, ri.s-Vd 

JO - Cl 

y«Jj>hiil<) of am- j 
mimia fj 

n-M j 

1 


n-To; 

t.-| IJ 

!0 ii:; 

1 i 

1 

i:i-r>r> 


Tlie results of I he distillatioji of llirci' dilferenl. sliales 
as o'i\cn tibove, show that the llendersou retorts ydvc a 
somi'whai laryi'V yield of crude oil, but. ouly about, oiie- 
<|iiarfer ( [) of the yield of ammonia that, the Vounoaml 
Beil by ret.orts ij;ive. 


Tabli: XVT. 



Onidc Oil, fnim 

Finialied Pioducts. 



Naphtha 

[ lleinleraoit. 

1 ]K'r cenl. 

. i 2-00 

A filing niul Iidilliy. 

jicr I'l iil. 

0-75 

Burning oil . 

. 1 .tl-SO 

;!4-27 

lutermodiato oil . 

. 1 1-02 

1 

4-.50 

Crude scale . 

tf 

10-87 

13-.57 

Lubricating oil 

. ; 17-:-!fi 

20-.55 

Total 

. j 70-05 

73-04 
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I>:)okiii,<f ;it Tiilile XVI. we see that the total yields 
of fuii.shcd jii'oduets are almost identical in hotli cases, 
while tlie. yield of crude scale is 2}, })cr cent, and hibri- 
caline oj] per cent, larger IVom the Youiio and Beilby 
than from the Hendei-sou retorts. 

d'hc yields of crude oils, from which the finished 
products in Table XVI. weie obtained, were :— 

llenrierson, crude . . b l • 18 gallons per ton. 

Young and Beilby, crude bO'llG „ „ 

If bv (lie us(‘ of (hese figures wc cahmlatc the 
]iei'ccii(:igc figures o! the scale, and lubricating oil in 
Fable, X\ 1. back to the ,'halc, W(' find that the figures 
are, still in tin our of the Young and Beilby retorts, a.s is 
shown in Tab]t‘ X Vll. 


Taih.k XVII. 


rioiinct 


Crude scale . 
Lubricating oil 


I YicM in (liilltnm from One Ton of Shale. 
I llcti(loi>on. j Voniijr and Bcilhy. 

; i 4-iOfJ 

i I 

I r, I (i -222 


The yiehls of gallons of crude .scale and 

O'289 of lubricating oil j»er ton in favour of the Young 
and Beilby rel.orts, together with the emuanoRs incrca.se 
in the, yield of ammonia, has naturally resulted in these 
retorts ju'actically .superseding all others. 

> One often hears, when in the neighbourhood of the oil 
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works, of treniciidouK yields of sulphate of ammoniH tlmt 
suc-li and sueli a eompaiiy is olitaiiiing, the reported yield 
often lieing as liigh as 80 lbs. pci- ton. Such apparently 
large yiehhs are invarialdy accounted for liy the fact 
that tlie company, instead of employing an overseer at 
the pit head to rejec.t any inferior slialc that may be 
loaded on to the railway wagons, prefers rather to make 
allowances for any inferior shale that may be jio loaded, 
by tiguring a ton as weighing anywhei-e from 20’ to 
24 c.wt., and, therefore, when the c-omiiany that. boa.sts 
of a yield of 70 lbs. of sulphate of ammonia per ton of 
shale is retorting a 24-cwt. ton, the viehl ]H'r actual 
ton is only 581 lies. Also, as the ammonia water from 
the Young and IVilby retorts contains a large amount 
of oily bas(!s, the ajijiarent amount of a.mmonia present 
in it greatly e.Kceeds the actual amount unless sjiecial 
precautions arc taken in making the analyti(;al deter¬ 
minations, as will be e.xplained under the heading 
“ Laboratory.” 

No matter what form of retort is used, it is absolutely 
necessary for theii- safe working that the gas mains shall 
be well supplied with e.xplo.sion doors. Tliese doors are 
made by leat ing an opening, about 12 inches in diameter, 
in the toj) of the main and sui-roimding it with a water 
lute into which tits an iron cover. The coyer has about 
3 feet of chain attached to it, and the other end of the 
chain i.s secured to the main. In the case of e.xplo.sions 
—which at times occur (juitc fre(|ucutly—the iron cover 
to the lute is blown off and affords imme.diate relief to 
the main, while the chain prevents the cover being 
blown any great di.stanc,c and temporarily lost. 
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T%c auxiliary apparatus iiec-cssary for tlie distilla¬ 
tion of shale consists of ;— 

1. Steam hoilcrs for supplying; steam for the retorts 
as well as running the machinery in connection there¬ 
with. 

A condeiisei'. 

3. An exhausting fan or punij). 

4. A scruhbei' or colce tower for freeing the gas of 
its volatile oils. 

5. An a})paratus for I'ecovering the volatile oils from 
the coke towers. 

(!. Sejiaralors, f )r separating the auimoniacal water 
from the oily ]iroducls. 

7. Ji.ec(>iving tanks f )r the various crude products. 

8. A pond for cooling or (|uenching the spent shale 
in after it comes from the retorts and before it goes to 
the waste shale bauk.^ 

The amount of steam used in the Henderson and old 
vertical retorts amounted to an ecpiivalent of about 
80 gallons of water jier ton of shale, while in the 
Young and Beilby retorts .about 110 gallons of water 
(in the form f)f steam) are used per ton of shale. The 
pressure of the steam for the Heudersoti retorts was not 
to be below 10 lbs. 2 )er sc|uare inch, while the steam 
used in the Yomig and Beilby retorts is not to exceed 
the. j)ressure of a eobimn of water C inches high. 

The use of such h)w-prcssurc steam in the Young 
and Beilby retorts led Mr. McCutchon, of Youjjg’s Com¬ 
pany, to suggest, about nine or ten years ago, that the 
main Hue from the retorts be so constructed that the 
ex^edingly large amount of waste heat could be utilised 
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for generating steam for use in tlie retorts. Tins' very 
excellent .suggestion, wliic.li would entail Imt a compara¬ 
tively small outlay of capital ami would save a very 
large sum of money per annum in coal dills, lias, so 
far as tlic author has been able to learn, not yet been 
adopted. 

The amount of vacuum maintained in the retorts, 
mains, &c., by means of the exhauster is u.sually equal 
to a column of water 1 ^ to 2 inches in height. 

The condenser used in (connection with the retorts 
is msually of the type known as an “ Air Conden.ser,” 
and, as the, name iraplie.s, the cooling medium is air. 
The ail’ condenser, .shown in jilan in Fig. 1, rccpiires 
to be exaraiiKcd in detail in order to thoroughly under¬ 
stand its construction and method of working, and 
therefore we will refer to Fig.s. IG, 17 and 18. It is 
compo.scd of a scries of horizontal manifolds or “chests” 
A, B and (' connected with each other by means of the 
pipes E, F and (1. The first chest A into which the gas 
and vapours from the rcstorts first pa.ss is ‘2 feet in 
diameter by about 30 feet long, and is provided on its 
upper side with a single row of ojienings that enable 
the making of bell and spigot joints. The other mani- 
fold.s, B and C, are only 18 inches in diameter, but 
are provided on top with a double row of bells, and 
divided longitudinally by the partition 1), which ex¬ 
tends down to within 2 inches of the bottom. An air 
condenses, capable of handling the gas and vapours 
from 144 Henderson retorts u.sually consists of one 
manifold like A, eight piped like B, and one piped 
like C. After the gas and vapours have filled A, they 
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pass upwards tJiruugh F, and over and down cinto 
the manifold B, where they have; to pass under the 
partition D before they can ascend the next series of 
pipes G, and so on until they have passed through the 
eighth B-manifold, by which time Iheir bulk has been 
so reduced that two of the, pipes E can bo eonnec.ted 
together and descend to the manifold C, as one. The 
draining pipe K of manifold C is arranged so as to 
maintain a dej)th of about 4 inches ol' liquid in the 
manifold, and the gas, &e., descending through the 
pipes E, being unable to pass under the j)artitiou D, 
have to ascend to the other side of the partition before 
they are able to escape through the pipes I to the main 
,1 which leads to the exhauster in the exhaustion house 
N. Each of the manifolds with the exception of C is 
kept thoroughly drained by the pipe K, through which 
the cimdenscd products run into the traps L and then 
to the separators, and finally to the respective tanks 
for the ditlcrent products. As the pipes F are liable 
to become choked in the top bends an opening is pro¬ 
vided at P and fitted with a cover which can be easily 
removed and allow of the introduction of an iron 
rod with which to fiee the bends of an obstruction. 
The traps L arc provided for the puipose of preventing 
the escape of gas, and arc simply vessels in which the 
liquid is maintained at a height of about 6 inches 
above the bottom of the pipe K, thus forming a lute 
or seal. 

As the oil vapours from the retorts consist of a 
gradation from light to heavy products, it is natural 
that the heavy or higher boiling point products should 
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conilense first and that the condensed products should 
get lighter and lighter at each succeeding manifold. 
This diminution in the specific gravity of the oil con¬ 
densed in the respective manifolds and their piping 
enables the oil to be separated into two products, viz. 
Crude oil and “Air-Condenser” naphtha. In the sum¬ 
mer tlie first five manifolds yield crude oil and tlic last 
five naplitha, while in the winter the crude oil is all 
condcjised l»y the time the vapours pass through the 
second manifold, and tlicrefore the suc,ceeding eight are 
used for tlic condensation of the naphtha. All the 
manifolds yield more or less ammoniacal water. 

We now sec that the air condenser separates the 
ga.s and vapours into four products, viz. :— 

Crude oil. 

Air-condenser naphtha. 

Ammoniacal water. 

Gas (coutiiining very volatile oils). 

In order to separate the mixture of crude oil and 
ammoniacal water, and air-condenser naphtha and 
ammoniacfd water, the mixtures are run througli their 
respective separators. 

The scpiirator usually consists of a cast-iron cylindri¬ 
cal tank similar in section and plan to Figs. 19 and 20, 
in wliieh the separator A is provided with a partitioned 
space C, wliich extends down to within 3 inches of 
the bottom. As water is heavier than oil,'when the 
mixture of oil and water runs into the separator from 
the pipe E, the water sinks to the bottom and then 
passes up the partitioned space C and overflows at D, 


11 
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while the oil remaining on 
off through B. 

Ah a separator is often 
that does not justify the 



Fio. 19. 



the principal requisite for 
Having separated the 


the surface of the water cuns 

needed for some experimeni 
experiKo of having a casting 
made, the author lias showr 
in Fig. 21 a separator thal 
can he constructed for a verj 
small cost. It con.sists o] 
the tank * A, at the botton: 
of which is cut a hole tc 
accommodate the pipe B, 
while the pipe C is let intc 
the tank near tlie top. Il 
is almost unnecessary tf 
state that tlie water c.scapes 
tlirougli B and the or 
through C. 

Of course the size of thi 
separator depends largelj 
on tlie volume of the fluidi 
it has to take care of 
hut whatever the size 
it is always advisable tc 
build it as deep as cir¬ 
cumstances will allow, as 
depth and not diameter is 
a good separator’ 
oil and aqueous products, wc 


* Any old tank or piece of large-sized pipe will answer the 
purpose, or a galvanised iron vessel with soldered joints can b< 
cheaply constructed. 
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wiir,4ispose of tlie crude oil and ammoniacal water in 
the mean time, hy saying that they are pumped to their 
respective storage tanks, and confine our attention to 
the disposal of the aii'-. 
coruhmser naplitha and 
the gas. 

A ir- ( Nuph- 
tJw.~ 'Die yjeld of this 
product varies from J 
to 4 gallons per Ion of 
shale, and its specific 
gravity varies from '708 
to "770 according to the 
efficiency of the cojidensers. Its semi-pui'ification is 
effected l.j' distillation in a horizontal cylindrical iron 
still of ahout 2000 gallons capacity. The heat neces¬ 
sary fo]' The distillation is obtained solely from steam, 
which latter is introduced through a perforated pipe 
lying on the bottom of the still, and, passing up through 
the oil, heats and vajrorises the, light naphtha contained 
in the latter. The distillation is continued until the 
specific gravity of the distillate stream i-eaches -768, 
and when that [loint is reached the steam is shut 
off from the still, and the residue left in the latter, 
having a specific gravity of about 850, is pumped to 
the crude od storage tank. The yield of distillate from 
air-condenser naphtha varies from 40 per cent, to 70 
per cent.; this distillate is mixed -ndth the najllitha that 
IS obtained during the process of refining the crude oil 
and will be referred to later as “Air-Condenser semi- 
refined naphtha.” 
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Gas .—The temperature of the gas as it leave^. the 
air condenser of course varies with the temperature of 
the atmosphere, but it is usually about 10° to 15° F. 
higher than the atmospheric temperature, but in eases 
where the condensing capacity is 
somewhat insufficient, these figures 
are greatly exceeded. 

After the gas has passed 
through the exhauster house it 
is discharged into the coke tower 
or scrubber shown in Fig. 22. 
The tower consists of an iron 
cylindrical tank A, about 9 feet 
in diameter by 40 feet high, 
placed on end and provided with 
a perforated false bottom B, which 
supports the pieces of 


coke C. The latter 
should be good hard 
gas - house coke, free 
j from all dust, and is 
y piled in the tower to 

i? V 

a height of about 30 
feet. Near the top of 
the tower is placed a 
perforated or “ disrributing ” plate D, surmounted by a 
receiving cup E, into which a heavy oil is discharged 
from the ^ipes F. When the tower is in operation the 
donkey pump B (Fig. 23) keeps a constant supply of 
heavy oil discharging into the cup E, from which it 
overflows on to the distributing plate D and then runs 



Fk.. ii2. 
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down over the surfiiee of the coke 0 into the lowei 
portion of the tower, from wliciiee it runs to the suction 
of the pump. The gas entering at tltc connection C 
pas.s(;,s uj)wards and around tlie pieces of (;okc, and hai^ 
to come in intimate contact w'itli tlie constant shower oi 
descending oil, whicli latter ahsorhs the most of the h’eht 
naphtha vapoui's before the gas can escape through the 
connection II near the top of the tower. After leaving 
the tower, the gas descends in the trap 1, and has to 
bubble uj) through d oj' 4 inches of water contained in 
the latter before it can pass into tln^ c.onneclion .1 
leading to the retorts. A small amount of wal('r is 
kej)t con.stantly running into the trap, and that which 
overflows through tln^ connection K is pumped to the 
ammoniacal water storage tank, as it is I'ich in ammoTiia. 
Explosions are liable to occur in the gas main J lead¬ 
ing from the trap to the retorts, and, if relief was 
not atfordcMl, these c.xjdosions would in all ja-obability 
wi'ec.k the coke tow('r : thci-efoi-e tin; trap is jirovided 
with the ex])losion dooi‘ L, which, being hinged at the 
top, cannot be blown away, and always di-ops back to 
its jdace after being iviised by any e.xc.(>ssiv(! pressure. 
H aving disposed of the scrubbed gas by sending it back 
to the retorts to be burned as fuel, we will now follow 
the naphtha that was extracted from the gas, and whicli 
is called— 

Coka-Tov'ir Naphtha .—The extraction of the coke- 
tower naphtha from the heavy oil just referred to, 
entails the use of the apparatus shown in plan in 
Fig. 23, and in elevation in Fig. 24, in which figures A 
and B being respectively the coke tow’cr and pump. 
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C ^ a lioatcr, D tLc still, E the naphtha condenser, F 
the naphtlia and water' separator, and G the naphtha 
receiving tank; while II and I are respectively the 



heavy oil and water separator and heavy* oil cooler. 
The moduft operandi is as follows ;— 

One of the suctions of the pump B draws half of its 
supply from the heavy oil cooler and half from the 
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bottom of the tower, and discharges the whole in at top 
of the tower; while the other suction of the pump 
draws all its supply from the bottom of the tower and 
discharges it into the connection leading to the heater, 
whicli latter is provided with an automatic feed regu¬ 
lating cock, and any excess of oil discharged into the 
heater connection is provided with a means of escape by 
a branch connection leading to the top of the tower. 
After passing through tlic heater, tlic oil is conducted 
into the still 1), where it is brouglit into intimate 
contact with live steam, which latter vaporises the 
naplitha that the heavy oil had extracted from the gas 
in its passage through tlie coke tower. Tlie steam and 
naplitha vapours pass off at tlic top of the still and into 
the condenser E, and, having been condensed, they then 
run through the separator F from ■whence the water runs 
to the sewer, and the coke-tower naphtha to its receiving 
tank. 

The heavy oil being freed of the naphtha, passes out 
at the bottom of the still, and, after having had any 
water it may have collected separated in H, it con¬ 
tinues on to the cooler I, where its temperature is 
reduced to 50'’ to C0° P’. before it again pa.sses into the 
suction of the pump B to renew Ihe cycle of movement 
just described. 

A few words in regard to the construction of some of 
the above apparatus may be of use. The heater II is 
composed ef a long spiral coil of pipe placed in a tank, 
into which latter the steam from the pump exhausts. 
The hot water and steam which this tank contains heat 
the oil in its passage from a to b (Fig. 28), and thus effect 
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a saVing in the cost of the distillation—as regards steam. 
The exhaust from the pump enters the heater through c, 
and any uncondensed steam escapes through d, while 
the condensed water is maintained at a steady level by 
the connection c. 

Tlic still I) is shown in elevation and plan in Figs. 
2G and 27, in which a is the oil inlet formed into a 
square on the inside and provided with an upright 
pipe b at each corner. The four pipes b project to 



within 9 inches of the top of the still, and the oil over¬ 
flowing from them trickles down over the wire gauzes c 
and comes in contact with the escaping steam from the 
rose d. Tlie steam, and the naphtha that vaporises 
from the oil, pass up through the gauzes and out at e,- 
while the heavy oil continues on down and dtit at/. 

The condenser F is shown in part section in Fig. 25, 
and is simply an upright cylindrical tank fitted with a 
spiral coil through which the vapours pass, while cold 




■ io6 MINERAL OILS AND BY-PRODUCTS. 

water enters at the bottom of the tank and overjlows 
near the top. 

The amount of oil that has to pass through the 
coke tower per twenty-four hours depends largely, of 
course, on the quantity of gas to be scrubbed, but if 
the volume of gas is known it is easy to calculate the 
amount of oil to be circulated, by tiguruig that two 
gallons of oil are required for scrubbing every 100 cubic 
feet of gas. 

Tlie Henderson retort yields about 3000 cubic feet 
of gas per ton of shale, and I'etorts about li ton per 
twenty-four,hours. Therefoi'e the three benches of forty- 
eight retorts each (which the coke-tower naphtha appa¬ 
ratus just described would be easily capable of taking 
care of) would yield 540,000 cubic feet of gas per 
twenty-four hours, and consequently the pump B would 
have to circulate 10,800 gallons of heavy oil per twenty- 
four hours. 

In the ease of the Young and Bcilby retorts, the 
yield of gas is from 7000 to 10,000 cubic feet per ton of 
shale, and consequently a coke-tower naphtha appai-citus 
of the size we are dealing with would be able to take 
care of only two benches of these retorts of forty-eight 
retorts to the bench. 

The amount of coal required for supplying the steam 
for the pump, still, &c., for the coke-tower naphtha 
apparatus amounts on an average to 151 lbs. per ton of 
shale distilled, or about 1| ton of coal per twenty-four 
hours. 

Mr. Colman about the year 1875 conceived the idea 
of extracting the volatile naphtha vapours from gas by 



RETORTS. 


107- 

meaVs of compression, and Table XVIII. shows the 
results of this method of working as compared with the 
absorption or coke-tower method. 

Table XVIII. 


Yield of Niiplitha from 3000 cubic feet of Gas. 


• lly Compression. 

Py Absorption. 

PreB.siire per Square 
Inch. 

Gh lions. 

Specific 

Gravity. 

Gallons. 

Specific 

Gravity.' 

150 lbs. 

2-Kl 


3-2!) 

•708 

• * 

2-2(i 

•OfiS 

2-78 

•709 

100 „ . . 

2-40 

•708 

2-31 

•710 

5? * • 

2-44 

■710 

2-17 

■705 


2-51 

•708 

2-40 

•708 

‘JO „ . . 

2-20 

•700 

1-81 

•701 

Average 

2-40 

■C98 

2-47 

•707 


Botli the compression and absorption methods 
gave, on an average, almost identically the same 
results as regards yield, and as the compression 
metliod was tlie more expensive the absorption method 
was continued. 

In the regular way of working, the yield of coke- 
tower naphtha does not usually exceed IJ to 2 gallons 
per ton of shale, but there is an apparatus -devised by 
William Young, that brings up the- yield to 2 ^ to 
3 gallons. However, it is exceedingly doubtful whether 
there is anything to be gained (at the present market 
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values) by extracting the last trace of napbtba <ifrom 
the gas when, in order to do so, one has to go to 
the expense of 1000/. or .so for apparatus and pay a 
royalty in the bargain. Also, the extra naphtha that 
this apparatus extracts is of such a very volatile nature 
that even after it is obtained it is very hard to hold it, 
and, in fact, before it can be converted into a finished 
product the most of it has been lo.st by evaporation. 
Again, if we extract this last trace of naphtha we rob 
the gas of a certain amount of calorific power and of the 
whole of its illuminating power, and it is necessary to 
use more coal at the retorts in order to replace tlie loss 
in calorific power of the gas, and, as gas is largely used 
for illumiuatiug purposes in the works, it is necessary, in 
the event of the shale gas being deprived of its illumi¬ 
nating power, to go to the expense of erecting a separate 
plant for the production of illuminating gas. Under 
the circumstances, therefore, a company that possesses a 
plant similar to the one illustrated in Figs. 23 and 24 is 
not warranted in going to the expense of making any 
radical and expensive changes in it. 

Coolivu Pmd. —Spent shale is at a red to bright-red 
heat when drawn from the retorts, and the practice of 
some companies of dumping it in that condition on the 
waste shale banks should not be tolerated, as the atmo¬ 
sphere for miles around is thereby polluted with noxious 
gases that destroy vegetation and ruin the crops, not to 
speak of causing constant discomfort to people living in, 
or having to pass through, the neighbourhood. There 
is no excuse for the practice, as the spent shale can be 
quickly rendered unobjectionable at a smaU cost by 



RETORTS. 


109 


building a pond between the retorts and the incline 
leading to the waste shale bank. 

The pond A, Fig. 29, is built of brick and cement and 
provided with a pair of rails on the bottom for the 
hutches to run on. The hutches B, full of hot spent 
shale, arc attached to the haulage chain C, by the short 
chain 1), and pulled through the pond of water, and by 
the time tlicy reach the incline leading to the bank their 
contents *are thoroughly (quenched. This process, of 
course, results in the generation of an enormous volume 



of steam, and so that the attendants cun see what they 
are doing, and work expeditiously, it is necessary that 
the steam be carried off to a point where it will not 
interfere with the work ; therefore the pond must be 
provided with the wooden hood and funnel E and F, 
which carry off the steam and discharge it into the 
atmosphere many feet above. • 

Having arrived at the end of the process as far as the 
retorting department is concerned, we will now take up 
the subject of refining—bearing in mind that the pro- 
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ducts from the retorts with which we liave to «cleal 
are:— 

Crude oil. 

Semi-refined Air Condenser Naphtha. 

Coke-Tower Naphtha. 

Ammoniacal Water. 

Eefining. 

DlMlmg. 

It has been proposed to start refining operations by 
commencing with an acid and soda treatment in lieu of 
a distillation, but as that mctliod of working results in 
a very much lower yield and no improvement in (juality 
of the finished produces,* we will discard the idea, and 
start the refining of crude oil with a distillation. 

The stills first u.sed by the late James Young con¬ 
sisted of horizontal cast-iron cylinders with wrought- 
iron heads, and were about 3 feet 6 inches in diameter 
by 10 feet long, and the thickness of the metal was 
21 to 3 inches. They were soon found to be very 
costly, as they were never long in use before they 
cracked through the middle—(drcumferentially—and 
allowed their contents of 500 gallons to pour out into 
the furnace below. 

The next stills adopted were upright cylinders made 
of boiler plgte and having a concave bottom of the same 
metal. A, Fig. 29a, is a sectional illustration of one of 
these stills which was 6 feet 6 inches in diameter by 

* Sec Treatment wrmt Distillation, nndcr heading “ Laboratory.” 
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6 fe«t high, and was cliarged with 1000 gallons of oil. 
It was found that the wrought-iron bottom was not 
capable of withstanding the heat of more than a few dis¬ 
tillations, and after trying lining the furnace-side of 
the bottom with thin fire-bricks, the wrought-iron was 
replaced by convex cast-iron bottoms, as shown in B, 
Fig. 29a. These bottoms proved to bo less useful than 
the wroi^ht-iron ones, as four or five distillations 
resulte<l in the bottom cracking around the part marked 
X, and the wliole bottom would 
sometimes drop, in one piece, into 
the furnace, and thus cause a 
serious fire. 

Tlic convex cast-iron bottoms 
were replaced by concave cast-iron 
ones, and the lower end of the 
wrought-iron body of the still 
was bevelled outwards (as shown 
in C, Fig. 29a), so as to be able 
to rivet it to the bottom without 
the use of angle iron. However 
the improvement that resulted did 
not altogether equal expectations, and finally a pot¬ 
shaped cast-iron still was adopted, and proved so satis¬ 
factory that this form of still has been in use ever since 
for distilling the heavier grades of oil. 

Young distilled his lighter grades of oil in horizontal 
stills that had a parallelogram cross section) and were 
made of wrought iron, their dimensions being 12 feet 
long by 5 feet 8 inches broad and 6 feet deep, and the 
capacity was 2000 gallons. 
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The crude and heavy oil stills at the present,*day 
are, in some of the works, made entirely of cast iron, 
and are in two portions. The bottom portion is semi- 
spherical and the top is nearly so. Other works use 
the same pattern of castings, but interpose a ring of 
wrought iron about 18 to 24 inches wide, thus gaining 
a greater depth with a comparatively small increase in 
weight. 

Perhaps the construction of crude and heavy oil 
still most commonly in use is that shown in Fig. 30. 
The wrought-iron portion B is bolted to the flange of 
the semi-spherical cast-iron portion A and the joint is 
made tight by the use of a mixture of sal-ammoniac 
and iron rust. The short casting C is riveted to the 
slightly dished top of the still, and the swan-neck D is 
bolted to the upper flange of this casting. The man¬ 
hole E is provided for the purpose of allowing a man to 
enter the still to clean it, &c. The heat that effects the 
distillation is supplied by the furnace F, and as it has 
been found that the direct play of the flames on the 
bottom of the still rapidly destroys the iron, a fire¬ 
brick arch G is constructed over the furnace to mode¬ 
rate the heat of the products of combustion before 
they pass through the pigeon-holes II into the chamber 
J surrounding the bottom of the still. The furnace 
draught is regulated by the damper K placed in the 
flue L leading to the chimney. 

In thc'distillation of oil, as in the distillation of 
shale, it is necessary to remove the vapours from the 
still as soon as possible, and prevent them from con¬ 
densing in the upper portion of the still and dropping 
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Fig. 30. 
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back into the boiling oil, and so being subjected to 
undue decomposition or “cracking.’' In order to 
accomplish these two points, steam under a pressure 
of 15 to 20 lbs. is introduced into the still through the 
pipe a, which finishes in a perforated circle h, about a 
foot above the bottom. As steam at a pressure of 15 
to 20 lbs. has a temperature of only 250° to 259° F.— 
while the temperature of the oil 4n the still when the 
distillation has been in progress for three or four hours 
is about 300° to 400° F.—it is obvious that the steam 
must have a cooling efiect on the contents of the still 
and necessitate an increase of fuel being burned in the 
furnace in order to counteract it. Various methods 
have been proposed or adopted for the purpose of over¬ 
coming this cooling efifect, and some manufacturers pass 
the steam through a fire superheater {composed of a 
number of lengths of pipe coupled together by a mani¬ 
fold at each end, and built into a chamber heated by 
a furnace) before admitting it into the still. This 
method of superheating steam certainly does not save 
fuel, and, in fact, it increases the consumption if any¬ 
thing, as the superheater brickwork radiates consider¬ 
able heat, and a large amount of heat passes from the 
furnace to the chimney, and, also, the steam in its 
passage from the superheater to the still loses a certain 
amount of its heat, no matter how well the pipe is insu¬ 
lated. Apart from the want of economy, this method of 
superheating is incorrect, from the fact that one super¬ 
heater supplies eight or ten or more stills at one time, 
and as it is impracticable to have all the stills running 
a corresponding specific gravity distillate at the same 
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tinite, some of the stills must of necessity be receiving 
a steam that is .either considerably hotter or eolder 
than they require; that is, taking it for granted that 
it is possible to regulate the temperature of the super¬ 
heated steam, and gradually increase it to suit the 
progress of the distillation, but this regulation is not 
practical in every-day work, and consequently fire 
superheaters often do more harm than good. 

Mr. McCutchon, of Young’s Company, constructed 
the most practical and economical superheater, by 
making use of the oil vapours as a heating medium 
for the steam. He accomplishes the purpose by in¬ 
terposing an unusually large diameter connection M, 
Fig. 30, between the swan neck and the condenser con¬ 
nection N, and in the connection M building a coil c, 
of three lengths of 1-inch pipe, through which the steam 
has to pass in its passage from the main d to the per¬ 
forated outlet b. In this way the steam is heated to 
the temperature of the oil vapours; and as the distilla¬ 
tion progresses and the vapour temperature increases, 
the temperature of the steam is increased also, and thus 
a regular rise in temperature of the steam to suit the 
progress of the distillation is ensured. 

The only other necessary apparatus connected with 
the distillation is the safety-valve 0, condenser P and 
connections Q leading to the separator. The safety- 
valve is weighted so as to blow off at a pressure of 3 or 
4 lbs., and in the event of the valve being raised, any 
oil vapours that pass through it are conducted by the 
pipe e, and allowed to impinge on the surface of the 
water contained in the condenser, and are thereby cooled 
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sufficiently to prevent them taking fire. The condeAser 
is supplied with a east-iron spiral coil or worm R (in 
which the vapours are condensed) and with the con¬ 
nections S and T, which are respectively the inlet and 
overflow for the condensing water. 

As steam is used in the distillation it is obvious that 
the distillate leaving the condenser is mixed with water, 
and, consequently, separators (Figs. 19, 20 and 21) are 
placed between the connections Q and the receiving 
tanks for the diflferent grades of oil. In future it will 
be taken for granted that the distillate passes through 
a separator in all cases where steam has been used in 
the distillation, and therefore, the separator will not be 
again referred to in this connection. 

The crude oil that is charged into the still should be 
well settled and free from shale dust and other dirt, as 
well as water. If any dirt is present in the crude oil 
charged into a still it will settle down on the bottom 
of the still (after the oil has become well heated) and 
form a layer that is partially non-conducting, and 
which the heat from the furnace will have great diffi¬ 
culty in penetrating, and consequently will necessitate a 
very much hotter fire being used than if a crude oil free 
from dirt were charged into the still. If any water is 
present in the crude oil it may or may not make its 
presence known in time to prevent a “ boil over.” If 
the still is cautiously heated at the start the presence of 
water will make itself known as soon as the oil reaches 
a temperature of about 212° to 220° F. by causing a 
loud sizzling sound, and occasional thumps that can be 
plainly heard at a distance of 20 feet from the still. 
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The*sizzling is due to the water that has been evapo¬ 
rated being condensed in the upper portion of the still 
and constantly dropping back into the hot oil; while 
the occasional thumps are due to quantities of water 
that might equal from one-eighth to one-half pint or 
more finding their way to the bottom of the still before 
they are converted into steam, thus raising a large 
volume of oil that drops back with a thump. Should 
a fierce fire be started under a still charged with crude 
oil that contained a little water, the warning sounds 
above mentioned would not be heard, but, instead, the 
water would be so quickly converted into steam, that 
the latter would form a frothing mixture with the oil, 
which would “ l)oil over ” into the condenser worm and 
cause endless mess and annoyance before it could be 
stopped by drawing the fires and allowing the still to 
cool down. 

As mineral oils (taken as a generality) expand O'4 
per cent, for every rise in temperature of 10° F., it is 
evident that when a still is charged, ample room should 
be allowed for this expansion, and therefore, with the 
still shown in Fig. 30, an allowance of 18 inches is 
made for expansion, and head room for the vapours, or, 
in oil works phraseology, the still is charged 18 inches 
out. 

From the foregoing it is plain that when a stiU is 
charged and ready for firing, it must be cajrefully and 
slowly heated at the stfirt. After all noise has ceased 
and, therefore, all the water may be considered to have 
distilled off, the fire may be safely increased a little 
until the distillate begins to trickle from the condenser 
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worm; and this being an intimation that the distilla¬ 
tion has commenced, the steam valve / is gradually 
opened, so that at the end of about twenty minutes it is 
wide open and a full head of steam is blowing amongst 
the contents of the still. The stream of distillate, and 
the furnace fire then need the whole attention of the 
attendant, whose point in view should be to maintain a 
steady flew of distillate by so regulating the fire that 
the steam valve does not need to be touched from the 
time it is opened until it is shut again when the distilla¬ 
tion is finished. Regulating the distillation by means 
of the fire necessitates far greater attention and more 
work than by the use of the steam, because, in the 
latter case, the attendant can put on a large amount of 
coal at a time and then sit down and watch the dis¬ 
tillate, and if the stream increases, he simply closes the 
steam valve a little; and then, as the coal becomes 
exhausted, and the distillate decreases in volume, he 
gradually opens up the steam valve again until he has 
it wide open, and then he replenishes the fire with 
another large supply of coal, and sits down again. If 
the steam valve is not allowed to be touched between 
the start and the finish of the distillation, the attendant 
has to “ fire ” more frequently, and with only a small 
quantity of fuel at a time, and consequently is not able 
to sit down as often as he might like to. 

The distillate resulting from a distillation that has 
been regulated by the steam rather than by the fire, is 
decidedly inferior to a distillate resulting from a properly 
fired still; it will have, perhaps, a slightly better colour 
and its specific gravity will be lower, owing to a certain 
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amcfeiit of “ cracking ” having taken place, but the yield 
will be very much lower and the distillate will contain 
less solid paraffins. Therefore it is a wise plan to place 
the steam valve at a height that cannot be reached 
without going to as much trouble as would be necessary 
in attending properly to the fire. 

During the early part of the distillation the con¬ 
denser must be kept well supplied with cold water so 
as to be sure that the more volatile products are 
thoroughly condensed and do not escape in the form 
of vapour ; but as soon as the distillate begins to show 
signs of wax * (when cooled to 40° F.) the water supply 
is diminished gradually until, when the distillate con¬ 
geals at 50° F., the supply is entirely shut off and the 
water in the condenser is allowed to heat up until the 
distillation is finished. If the condenser were kept 
cool all the time, the heavier distillate containing wax 
would soon choke the condenser worm, and perhaps 
result in blowing up the still. Of course the safety 
valve would give a certain amount of relief, but as the 
valve is not designed to wholly relieve the still when 
the latter is running a normal stream of distillate, it 
would be necessary to at once close the steam valve and 
draw the fire in order to prevent an explosion, not to 
speak of stopping the waste that takes place when the 
oil vapours escape through the safety valve connec¬ 
tion e. 

The above remarks apply to nearly all the different 
distillations with which we shall have to deal, but the 
form of still is not the same for all the grades of oil. 
The still just described is only used when the distilla- 
* See “ Laboratory.” 
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tion' requires to be conducted to dryness or “ coked.” 
When the distillation is to be only partially performed 
(i.e. a liquid residuum is to be left in the still), a still 
constructed in the manner shown in Figs. 31, 32 and 33 
is used. Eeferring to these figures, which are respec¬ 
tively a longitudinal elevation, end elevation and plan, 
A is the still set in brickwork and heated by the furnace 
B, placed at one end of the still. The products of 
combustion travel under the arch C to the further end 
of the furnace, and then upwards and between the 
arches C and D into the chamber E, where they come 
in direct contact with the lower quarter of the diameter 
of the still, and travelling towards the front end they 
branch off on either side and pass into the flues F, which 
conduct them to the back end again and down into the 
main flue G which leads to the chimney. The draught 
is regulated by the dampers II. 

The condenser worms of these stills * are usually 
continued into a brick building called a “ Worm House.” 
Such a house is illustrated in plan in Fig. 34, and Fig. 35 
shows the end elevation in section. A are the continued 
condenser worms, and B are light sheet-iron troughs pro¬ 
vided with a metal strap C at one end and a short spout 
at the other ; the strap holds the trough close up to the 
pipes A, and at the same time allows the trough to be 
easily moved backwards and forwards along the pipe, 
so that its short spout can be placed in any one of the 
connections D that may be desired, thus allowing the 
distillate to be conducted to any of the receiving tanks 
to which the pipes E lead. 

*■ To bo hereaftor known us “ Burning Oil Stills.” 
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Shat the various grades of oil may be more easily 
followed from start to finish of the refining process, 
the capacities, life, &c., of the various stills, together 
with the fuel and steam used, and also the amount of 
condensing surface needed, &c., will be dealt with later 
under the heading “ Distilling Data.” 

Crude Oil .—Generally speaking crude oil has a 
greenish-black colour, a smell peculiar to itself (that 
cannot be properly described) and solidifies * at about 
80° F., and at ordinary temperatures (50° to 60°) its 
consistency is about that of soft butter. 


Tabie XIX. 


Seam of Shale. 

Speeiflo Gravity of Crude Oil.' 

Horizontal 

Vertical 

Betort. 

Henderson 

Betort. 

Young and 
Beilby Betort 

Addiewell (thick) 

865 

889 

878 


„ (Dam) . 

• • 

883 

875 


Broxburn Oil Co.’s . 

. a 

*. 

867 


Charlcsfiold 

. . 

880 

870 

876 

Cobbinshaw 

865 

.. 

880 


Fortneuk . 

• a 

887 

863 

878 

Grey shale 

. . 

872 

865 


Methyl 

871 

915 

• • 


Nowliston. 

. . 

873 

866 

876 

Oakbank Oil Co.’b . 

816 

883 

•• 



♦As is natural to suppose, crude oils vary consider¬ 
ably in specific gravity according to the shale from 
* See “ Laboratory," p. 214. 
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which they are produced and the form of retorts in '^hieh 
shales are distilled. As will be seen from Table XIX., 
the horizontal retorts yielded the lightest, and the old 
form of vertical the heaviest crude oil. 

When a crude oil is distilled it yields— 

Once-run distillate. 

Chrysene. 

Coke. 

Gas. 

The once-run distillate, which averages 93 to 95 per 
cent, of the crude oil charged into the still, will be more 
particularly referred to later, but for the present we will 
dispose of it by pumping it to its storage tank. 

Chrysene, or stUl ends, is the highest boiling point 
portion of the crude oil, and consequently only distils 
over at the end of the distillation. It is a dark greenish- 
red coloured fluid when hot, but when cooled to about 
40° F. it is of a yellowish colour and more or less 
brittle. A piece of the cooled chrysene after being 
held in the hand for a few minutes becomes plastic and 
sticky, and ^mnnot be easily removed from the skin, and 
therefore it is an objectionable substance for either lubri¬ 
cating oil or wax to contain, and consequently it is sepa¬ 
rated by fractionation at the still. The yield of chrysene 
amounts to, on an average. O’6 per cent., and, as no 
better use has been found for it, it is mixed with coal dust 
and burned'as fuel under the stills, &c. This substance 
is further referred to under the heading “ Laboratory.” 

The coke resulting from the distillation of crude oi|^ 
is somewhat softer or less brittle than gas-house coke. 
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It v^es. in thickness from 2 to 3 feet, and is formed 
as a solid mass on the bottom and partly on the side 
of the cast-iron portion of the still (Fig. 30). It is 
usually very close grained on the under side (i.e. the side 
next the iron), but gradually gets less dense until, near 
the surface, it is spongy in appearance. It has a dead 
black colour except on the very surface, which latter is 
a glossy black. It is used principally under the stills as 
fuel, ljut is also used in the manufacture of electric light 
carbons. Tire yield of coke varies * from 27 to 30 lbs. 
per 100 gallons of crude oil. 

The gas is generally a vrasted product, but one of 
the companies collects it and uses it as fuel. The 
quantity of gas resulting from the distillation of 2000 
gallons of crude amounts to about 1000 cubic feet, and 
it seems incredible that arrangements are not more 
generally made for its collection and use. The whole 
of the 1000'cubic feet is not permanent gas, but about 
10 per cent, of the volume is light oil vapours that are 
not condensed in their passage through the condenser. 

As the various grades of oil receive acid and soda 
treatments between distillations, we will, before pro¬ 
ceeding further with the routine of manufacture, take 
up the subject of, and review the apparatus used in. 

Treating. 

Some of the companies preferred to treat oil by firs' 
using caustic soda, then acid, and finally a wash witl 
suflicient weak solution of soda to neutralise any acic 


* Soe “ Distilling Data.” 
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that might be left in the oil. The reason fo< this 
method of procedure is not at all plain, and, as it does not 
result in any improvement in the quality of the oil, but 
necessitates an additional pumping and, consequently, 
additional cost, the only apparent reason for its adop¬ 
tion is a desire on the part of its adopters to be different 
from other people. 

The treatment of an oil should be started with acid, 
and it is accomplished by violently agitating the mix¬ 
ture of oil and acid in a tank or agitator. 

The old style of agitator was a cast-iron vat 8 feet 
or so in diameter by 4 to 5 feet deep, and, if used foi 
the “ acid ” treatment, it was lined with sheet lead; if 
for the soda treatment, the lead lining was dispensed 
with. The agitation in former days was performed by 
means of blades or vanes attached either horizontally to 
a vertical shaft, or vertically to a horizontal arm, and 
made to revolve rapidly through the contents of the 
agitator. The results obtained in this way were not 
satisfactory on account of the inability of the machinery 
to produce a sufiSciently intimate mixture between the 
oil and acid, but this method of agitation is still in use 
in some of the works for the “ soda ” treatment. 

Very commonly, the agitation for both the acid and 
the soda treatments is performed now by means of air, 
and more rarely by the use of centrifugal stirrerg. In 
the former case the agitator should be of greater depth 
than diamdter, and the sizes usually adopted are from 
6 to 9 feet in diameter, by 10 to 15 feet deep, and 
having a capacity of only 1500 to 5000 gallons. The 
air is conducted to the bottom of the agitator through 
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a 2-^ch pipe, and, being under a pressure of 6 to 10 lbs. 
per square inch, it tosses the mixture of oil and acid 
about in its passage to the surface. When the centri¬ 
fugal stirrer is used, the agitator is usually greater in 
diameter than height, and only holds about 1200 gallons. 
The centrifugal stirrer is very similar in construction to 



FiO. 36. 


a turbine, and is shown in section in Fig. 36, in which 
A is the agitator, and B the stirrer. The portion a of 
the stirrer is bolted firmly to the bottom of the agitator, 
and h is bolted to a, while c is securely fastened to the 
shaft C, and rapidly revolved by the gears D. The oil 
is sucked down through the centre of the stirrer and 
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violently discharged, through the passages e, agfinst 
the side of the tank. In this way the oil and acid are 
most thoroughly mixed, and the completeness of the 
mixing, as compared with air agitation, can be easily 
seen by dipping pieces of paper into the agitating oils 
and then holding them up to the light, when the paper 
from the air agitation will show specks of tar that are 
comparatively large and far apart, while the centrifugal 
stirrer paper will show a mass of finely divided particles 
of tar. 

This test shows that the centrifugal stirrer causes 
a more thorough and intimate mixture of the oil and 
acid than the air does, and working results also point in 
that direction, because considerably less acid is needed 
(in order to secure the same results) with centrifugal 
than with air agitation. 

The method of procedure in the treatment of oils Ls 
as follows:— 

After the agitator has been charged with the oil and 
agitation started, the acid is slowly added, and the 
agitation continued for a period varying from fifteen 
minutes to an hour (according to the grade of oil) after 
the oil has received the whole of its acid. After the 
prescribed length of time for agitation has elapsed, the 
mixtm-e is allowed to remain at rest for a period varying 
from two to twelve or eighteen hours, at the end of 
which time the tar has all settled to the bottom. ' This 
“ acid tar is now drawn off through the cock • E 
[Fig. 36 ) and is run to a receiving tank, and will be 
referred to again under “ Acid Tar.” The clear dark- 
coloured oil is then pumped from the acid agitator into 
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the ^da agitator, when it receives the soda treatment 
in a similar manner to the treatment just described. 
After “settling” or remaining at rest for a given 
number of hours, the “ soda tar ” is withdrawn and run 
to its receiving tank, and will be again referred to 
under “ Soda Tar,” while the settled oil is pumped to 
its receiving tank. 

The quantity of acid required for a treatment is run 
from the acid storage tank into an “ egg,” and from 
there blown, by means of compressed air, into the 


K ! : 1 »' i J Sectional Elevation. 



agitator. A useful form of “ egg ” is shown in Fig. 37. 
It consists of the open-ended cast-iron cylinder A, pro¬ 
vided with flanges B at each end. To the flanges B are 
bolted the cast-iron heads G, and the joint is best made 
tight by the use of a gasket of asbestos cardboard. 
The cylinder is provided with the three flanged open¬ 
ings D, one of which is fitted with a pipe that continues 
down to the bottom of the egg, while the other two ,are 
fitted with pipes that terminate at the flange. One of 
these last two pipes is used as a charging pipe from the 

K 
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storage tank, wliile the other is coiiuccted witlj the 
air compressor or “ blower.” As soon as the egg 
is subjected to the re(]uisite pressure, the acid is 
forced up the pipe that continues to the bottom of 
the egg, and is disc.-harged into the agitated oil above 
referred to. 

The, Author w'as greatly surprised at- tlie .smallness 
of the quantity of oil tr(“ated at a tinug and when he 
asked a foreman Hie reason for it, he w.-is inlbneed that 
“if a batch of oi bd not turn nut II right, only a 
small quantity ivas , nil, but if tin sir.i f the agitators 
were increased the qi-'- nti^y of (iil tiia( ihiglil be spoilt 
Would be correspondingly iiicreased. ’ 'fliat is, indeed, 
a very poor rea-son and .sin)j)ly points to ine.ipability 
on the part of the foreman to turn out nnifonnly good 
work. If the foreman is a capable man t-hei-e is no 
reason why he cannot form a correct estimate of the 
quality of each batch of oil before it is treated, and how 
much acid it should receive ; and, in thatca.se, the treat¬ 
ment of 40,000 to 50,000 gallon batches of oil can be 
just as well conducted as 1500 to 5000 gallon batches, 
and will result in an all-round saving—less acid will be 
required, less oil will have to be recovered, there will be 
fewer agitators to clean, less machinery to look after and 
keep in repair; no greater length of time is required 
to agitate a batch of 50,000 gallons than a batch of 
1000 gallons, and consequently, the .same amount of 
work can be done in one large batch with the aid of 
very much less labour than in the case of numerous 
small batches. 

Under the heading of Treating Data will be found 
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statistics relating to the amount of acid and acid tar 
left in the settled “ acid oils,” which will be of value 
and interest. 

Once-Run Oil, 

The once-run oil from the crude oil distillation 
(which we left in its storage tank), after being settled 
perfectly free from all moisture, Ls now pumped into an 
“ acid ” agitator, and its temperature should not be over 
] 5 to 20 degrees higher than its setting point * when 
agitation is stai'tcd. This oil may be advantageously 
treated vith liie acid tars from the light oil ti'eatments, 
oi’ Avith recoveivd acid of 77° Twaddcll followed by a 
treatment with 148° I’w. acid. If the “ acid tars’’are 
used, 10 per cent, by volume should be slowly dis- 
chai'ged from the egg into the agitating oil, and after 
the latter lias received all its acid the agitation is 
continued for fifty minutes ; or, the acid may be added 
in two 01 ' three successive portions, the agitation being 
continued for thirty minutes and then the oil allowed to 
settle for fifteen minutes, and the settled tar drawn off 
before the next portion is added. If recovered acid is 
used, 10 per cent, oj- less (according to the quality of 
the distillate) is added in one or more portions and 
agitated and settled as above; but, after all the weak 
acid has been added and the resulting tar withdrawn, it 
is neeessary to give the oil a further treatment with \ to 
1 per cent of 148° Tw. acid. If the use of only fresh 
acid is preferred, the strength should not exceed 
148° Tw., and the amount required will be from 4 to 5 
per cent. 

* 


See “ Laboratory 
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WhetJicr acid tars, recovered acid, or only fresli ucid 
is used, it is necessary, after tlic last stirring, to allow 
the oil to settle for sixteen to twenty hours, after which 
the resulting tar is carefully drained off before the clear 
oil is transferred to the soda agitator. 

In the soda agitator this oil should first be treated 
with the soda tars from the second and third stage 
treatments, and, after being agitated for thirty minutes 
and allowed to settle for twenty minutes and the tar 
drawn off, a further treatment with I per cent, of (15° 
Tw., recovered soda* solution is given. The oil should 
be agitated for one lujur after the second /iddilion of 
soda, and must then be allowed to settle for eight hours, 
after which the clear oil is to be pumped to the storage 
tank for 


Treated Onre-Run Oil- 

This oil is next distilled in the 
First Stufie Oil StilM —The distillation is con¬ 
ducted with the aid of steam, and the distillate should 
be fractionated from the start, up to a s[)ecific gravity of 
770 at the worm end for najjhtha ; from 770 up to 835 
for “lighf oil ” distillate, and from 8;i5 to 850 for heavy 
oil distillate, while from 850 up to about 870 comsti- 
tutes “ heavy oil and wax ” distillate. When the specific 
gravity of 870 is reached, the fire should bo drawn-from 
under the still, and the residue left in the still pumped 
to the first kage residuum storage rank. We therefore 
see that the scpai'iitions made at the first stage oil stills 
are :— 

* £co “Soda Kecovery.” f See Figs. 31 .lud 32. 



TREATING. 


133 


Naplitha.(to bo referred to later). 

First stage liglit oil distillale. 

„ licavy oil distillate. 

Heavy oil and wax ... (to bo referred to later). 
First stage residuum. . . » 


H’lie liglit and lieavy oil distillates are pumped from 
tlicir respective storage tanks into separate agitator.s, 
where they reiaiivo respi'ctively 1.1 and percent, of 
170 ' Tw. acid. The agitation in both cases should be 
continued for from thirty lo forty-five minutes, and the 
tempiTature of the oil should not be above 70'’ and 
80 ' F. After the agitation is eomplei.ed, the oils are 
allowed to .set tie for about sixteen hours, or, if of 1 per 
cent, of water is thrown into the agitator a couple of 
minutes befoi-e the agitation is completed, the oils need 
be settled only three or four hours before being trans- 
feri'ed to the soda agitator. 

The soda treatment at this .stage should be accom¬ 
plished with the use of I'ocovcred soda of (>0° to G5° Tvv. 
—the light distillate receiving about O'O per cent., and 
the laany distillate about 0‘75 jier cent. About ten to 
twelve Irours arc nece.ssary to clfcct the thorough settle¬ 
ment of the soda tars, and after the tars have been 
withdrawn, the oils are pumped to, and mixed in, the 
storage tank that supjilics the. 

Second Skye Oil Siille .-—These stills are similar in 
con.striiction and setting to the first stiigc shills, but they 
are run with a “ fcicd,” that is, after the distillation has 
started, the first stage treated oil is allowed to run from 
the elevated storage tank into the still and the voluJiie 
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of inflowing oil is regulated so as to equal the voliltne 
of oil leaving the still in the fomr of vapour, and thus a 
steady level of oil is maintained in the still. To ensure 
the volume of inflowing oil being equal to the outgoing 
distillate, the still is fitted on the front or furnace end, 
with gauge cocks, which the attendant opens every now 
and again in order to locate the oil level in the still. 

So that the ingoing oil may not have an undue 
cooling effect on the contents of the still, the Author 
would advise the construction of a coil in an enlarged 
connection between the still and the condenser, through 
which the oil should be made to flow before being 
liberated at a point near the bottom of the still. 

As soon as the distillation commences, steam is 
turned into the still and the distillate from the start (i.e. 
about 770 specific gravity) up to a specific gravity of 
835 at the worm end is run to the second stage light oil 
tank, and as soon as * that specific gravity is reached, 
the “ feed ” is shut oft’ and the distillation continued 
until the distillate reaches 850 specific gravity at the 
worm end, when the steam is shut off and the fire 
drawn. This second fraction—from 835 to 850—is run 
to the second stage heavy oil tank, rvhile the residuum 
left in the still is pumped to the second and tim'd stage 
residuum tank. 

From the above distillation is obtained :— 

Second stage light oil distillate. 

„ heavy 

„ residuum „ (to be referred to later). 


* See “ Distilling Data.” 
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?he second stage light and heavy distillates are 
treated separately with from O'35 per cent, to O’375 
per cent., and 0 ’ 4 per cent, to 0 ’ 55 per cent, of 170° Tw. 
acid respectively. The soda treatment should consist of 
0’5 per cent, and O’G per cent, of 64° Tw. caustic soda 
solution, made from fresh “ drum ” caustic soda, and not 
recovered soda. The length of time of agitation and 
settling, &c., should be the same as in the case of the 
first stage oils. 

Tlie treated second stage liglit and heavy oils are 
stored in separate tanks to await another distillation. 

Third Sfiiije “Light" OH Stilh.- —These stills are 
like the second stage ones, and are run with the aid of 
steam, and the second stage treated light oil is “ fed.” 
The specific gravities at which the distillate is fraction¬ 
ated depend upon the numlier of grades and quality of 
burning oil required. If only one grade of liurning oil 
were wanted, the distillate would bo run from the start, 
until the worm cud specific gravity reached, say, 840 
to 845, and tliis would give a liulk specific gravity 
of aliout 812. If two grades of burning oil were 
desired—a good and somewhat inferior one—the lighter 
distillate at tlie start of the distillation sliould lio 
allowed to run into wliat we wull call No. i tank ; this 
distillate (w'hich wull start wdth a worm end .specific 
gravity of about 770) should lie run until its ivorm end 
specific graeity reaches 790. At that specific gravity 
the distillate stream should be turned into ttnother tank 
(which we will designate No. 1), and when the •' bulk ”* 
specific gravity of the contents of this No. 1 tank reaches 

* TJiat is, the whole of the contents of the tank well mixed. 
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810 the strcivm Khouhl be turned l)iiek into No. 2 tank, 
into wliieh it is allowed to run until the w'orm end 
specific gravity reaches 840 to 845. The bulk specific 
gravity of No. 2 tank will then be about 804 to 810. 

A.s an oil tliat lias a specific gl•a^•ity of over 840 is 
unsuitalde for burning in lamps, the feed to the still is 
shut otl' wdicn that specific gravity i.s reached,* but the 
distillation is continued until the worm end sjiccific 
gravity of tiho distillate reaches 850, and then the steam 
is shut oil' and the fire drawn. The distillate lliat runs 
between the specific gravities of 840 and 850 constitutes 
intermediate oil. 

The third stage light oil stills therefore yield :— 

f No. 1 grade burning oil (ready for the market), 
t No. 2 ,, ,, ,, ,, 

Intermediate oil (ready for the market and for 
gas making, &c.). 

Third stage light residuum (to be referred to 
later). 

Tkml Stage “ ITeavg ” Oil Slilb .—These arc run 
without a feed, but with the aid of steam. The ti'catexl 
second stage heavy oil cliaigcd into these stills should 
be so fractionated that the fractions correspond in bulk 
specific gravity with those obtained from the third stage 
“ light ” oil stills with which they arc mixed. Whpn the 
distillate from the third stage “ heavy ” oil stills reaches 
850 specific gravity at the worm end, the distillation is 
stopped and the fractions obtained from these stills will 
most probably be:— 

* Sec “Distilling Data.” 


t “ See Laboratory.” 
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• No. 2 grade l)uriiing oil (mixed with same from 
third stage light oil stills). 

Intermediate oil (ditto). 

Third stage heavy residuum (to he referred to 
later). 

The hui’ning and intermediate oils from the la.st two 
di.stillations must, of course, he thoroughly settled and 
free from moisture before being pumped to their storage 
tanks, ready for barrelling and delivery in the maiket. 

Some of the compani(iH make a speciality of a 
burning oil that has been finished with a treatment 
instead of a distillation. In that case an oil like No. 1 
grade burning oil is usually chosen, and this is treated 
with 2 to 2i per cent, of 170” Tw. acid with ten to 
fifteen minutes’ agitation. Aftei- the acid tar has been 
allowed fifteen to twetity minutes to settle out, and has 
been drawn oil’, the oil is transferred to the soda agitator, 
whore it is hrst agitated for two or three minutes with 
5 per cent, of water, settled for five minutes, and then, 
after the water has been drawn off, [ter cent, of 
3 ” 'IV. caustic soda solution is added and agitated 
sulliciently to ensure all the acid (that may bo left in 
the oil) being neutralised. 'The weak soda solution 
having been settled out and ran off, a further treatment 
of ;1 per cent, of 65° Tw. soda is given the oil, and 
after .three or four minutes’ agitation the contents of 
the agitator must bo alloived to remain quiet for about 
an hour, ^ftcr whidi the oil is transferred to shallow 
tanks and allowed to settle for fifteen to eighteen hours, 
at the end of which time it should be perfectly bright 
and ready for the market. 



138 MINERAL OILS AND BY-PRODUCTS. 

The Lighthouse Commissioners are exceedfiagly 
particular in regard to the quality of the oil used in 
lighthouses, and place restrictions on the properties of 
the oil that necessitate a special fractionation being 
made at the stills. As the flash point must not be 
under 130° F., and, when the oil is subjected to distil¬ 
lation, a residue of not more than 7 per cent, is allowed 
to remain in the still when the distillation is stopped at 
a temperature 572° F., it is necessary to cut out all 
light oils and not use any heavy oils that Inivc a I)oiIing 
point of over 590° F. in the manufaciture of this oil. 
Usually the oil is obtained from the third stage light 
oil stills by running them under “feed ” for the usual * 
length of time, and then, after filling up the stills to 
the highest gauge cock, the feed is shut off, and when 
the worm end specific gravity ’'caches 792 the distillate 
from that point, and until the “ bulk ” specific gravity 
reaches 814, is run to the lighthouse oil tank. This cut 
gives an oil that has a .specific gravity of 814, Hash 
point of 145°, and leaves a residue of about 5 per emit, 
in the still after the temperature of the vapours has 
reached 590° F. 

A very good burning oil for use on ships, &c., can 
be obtained from the lubricating oil stills (to be refciTcd 
to), by cutting out the distillate between the specific 
gravities of 825 and 848 ; treating this fraction wfith 
2 per cent. 170° Tw. acid, and 2 per cent, of 10° fi’w. 
soda, and then distilling it otf sodaf and cutting out 
the fraction that runs betvmen the worm end specific 
gravities of 825 to 846 to 848. Tliis gives a burning 

* See “ Distilling Data.” t See “ Soda Distillation.” 
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oil that is specially safe for marine purposes, as it has a 
flash point of 225° F. 

Fouiih Stage StilU. —The second and third stage 
light and heavy residuums are mixed together and 
distilled in a still like Figs. 31 to 33. The distillate 
from the start until the worm end .specific gravity 
reaches 870 constitutes heavy oil and wax, and when 
that specific gravity is reached the distillation is 
stopped. The yield fi’om these stills is therefore :— 

Fourth stage heavy oil and wax (to be referred 
to later). 

Fourth stage residuum. 

Ileavg Besiduum Stilh'. —The.sc arc similar to Fig. 30, 
and arc charged with the mixeil residuum from the first 
and fourth stage oil stills, and about 10 lbs. of solid 
caustic soda per 100 gallons of oil. Steam is used in the 
distillation, and the distillate is fractionated as follows;— 

From the start until the colour begins to got dark 
constitutes heavy oil and wax, from the starting of the 
dark c,(.)lour until chrysene commences to distil over, goes 
for once-run oil erjuivalent, and, as the still bottom is 
by that time red-hot, the fire is drawn and the separa¬ 
tions obtained will be :— 

llcsiduum stills heavy oil and wax (to be 

refeia'cd to later). 

• ’ 

Ome-run oil erjuivalent (pumped to the once- 
run oil tank). 

(dirysene (mixed with coal dust and burnt). 

Soda coke.* 


* Sec “ Soda Eocovery.’’ 
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ILumj Oik and Wax. 

The mixed heavy oils aud wax from the first and 
fourth stage oil stills and the residuum still are mixed 
aud cooled* to a temperature of about 80 ' K., aud then 
pumped into lilter presses f until the pressure reaches 
about GO lbs. per square iucli. The presses are then 
opened and their contents removed and jtlaced in (.'anvas 
sheets and tiien in a hydraidic. press | and subjeetted to 
a pressure of 550 lbs. per .s(|uare inch of the cake of 
wax. The wax left in the sheets after being h}'draulic 
pressed is known as Hard Crude Scale, and is ready for 
the market as such. The squeezings from tlic filter and 
hydraulic, presses are mixed and cooled to about 40'^ F., 
and then filter pressed and finally hydraulic [U'essed. 
The wax from thc.se second hydraulic jiresses is known 
as Intermediate Crude Scale ; the s(pieezings are mixed 
with the squeezings from the first filter and h} draulic 
pressing. The squeezings from tlie seconil filter presses 
are cooled to 80“ F.. and the.n again filter pi'csse.d, and 
the resulting oil is pumped to the “Fressed Oil” 
storage tank. The wax that is left in the third set of 
filter presses is next hydraulic pressed, aud the resulting 
wax constitutes Soft Crude Sc,ale. 

F]'om the pressing of the heavy oils and wax there 
is, therefore, obtained :— 

Hard crude scale (128“ F'. melting point) To be 

Intermeeliatc do. (120° „ „ » ) f referred 

Soft do. (112° „ „ „ ) to later. 

Pressed oil. 

* See “ Pressing.” 


t See Figs. 4G, 17, 48. 


See Fig. 45. 
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Tl*e pressed oil is next treated with 2 to 2-^ per cent, 
of 148° Tw. acid, and after fifteen to twenty minutes’ 
agitation and as many minutes’ settling, the tar is 
drawn off and the oil is then further treated with 2 per 
cent, of 170° Tw. acid. The second agitation .should 
he continued for at least thirty minutes, and then 
allowed to thoroughly settle before being transferred to 
the soda agitator, where it receives 1 per cent, of 60° 
Tw. soda. 


Soda Distillation. 

'Tlie ti'eated pre.ssed oil is now distilled in stills 
similar to Fig. 30, into which stills are placed 17 lbs. 
of solid caustic soda per 100 gallons of oil. Steam is 
used in this distillation, and the distillate from the start 
until the worm end specific gravity reaches 860 is 
pumped to tlie second stage heavy oil storage tank, and 
th(! rest of the distillate is frac.tionated so as to give 
various grades of luln-icating oils. For instance, if 875 
and 800 .specific gravity fiiii.shcd f)ils were reejuired, the 
fractionation would be made as follows :— 

From 860 up to 880 .specific 
at worm end 

From 880 up to 010 to Oli 
^fravities at wtu'in end. 

The distillation is run to dryness, and after the 
distillate rcache.s the specific gravity of 012 the colour 
is very dark, and the small amount that follows is 
mixed with coal dust and burnt. 


gravities^ 
; specific I 


875 oil. 
= 800 oil. 
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This distillation yields:— , 

875 lubricating oil distillate. 

890 „ „ „ 

Chrysene. 

Soda coke.* 

The 875 and 890 distillates who.se actual .specific 
gravitic.s arc 878 and 880 arc now cooled to al)out 20° R, 
and filter and hydraulic pressed. The sijueezings are 
known as prc.s.sed lubricating oil dhstillafes, and the waxes 
resulting from the pressings, which have low melting 
points—95° to 105 ‘—we will call lubricating oil waxes. 

The pi'o.ssed lubricating oil distillates have low fla.sh 
points, and in order to raise the latter the distillates 
used to be. run into a steaming still, and steam under a 
prc.ssure of 35 lbs. was allowed to blow through the 
oils for eighteen to twenty hours. The raising of the 
flash point is now usually accomplished by running 
the oils through stills similar to the Coffey still, used 
for extracting the ammonia from ammonia water, f 

The .steamed distillates, after being cooled to about 
70° F., are treated with 3 per cent, and 5 per cent, 
respectively of 170° Tw. acid, and finally with 1 per 
cent, of 2° Tw. caustic soda, and are then allowed to 
settle at a temperature of about 100° R for four or five 
days in shallow tanks covered by glass roofs ancl known 
as bleachers. The sun passing through the glass roof 
has a decided bleaching effect on the oils, and at the 
end of a week or so the oils are ready for the market as 
lubricating oils of 875 and 890 specific gravity. 

* Sec “ Soda Eecorery.” f See Pig. 60. 
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The scmi-rcfincd naphtha from the ^''air-condenser 
naphtha” is mixed with tlie naphtha from the first 
stage oil stills, and tlieii treated with 11 per cent, of 
170° 'fw. acid, and finally with ^ per c.ent. of 04° Tw. 
soda. Tl)(i treated naphtha is charged into steam 
jacketed stills, and distilled with the aid of open 
steam. Ih'oni the start (about 090 specific gravity) 
until tiic spc'cific, gravity of the distillate stream reaches 
700, <'on.stitutcs conimercial najfiitha, but, of course, this 
can be otherwise fractionated to suit rc(|uireracnts. 
When the spe(utic gravity at the w(»rm end reaches 700, 
bot h the ojien and jacket steam should be shut off, and 
the residuum left in (he still pumped to the once-run oil 
storage tank. 


Coke- Tower Naphtha. 

The purification of this prodiuit is effected by first 
giving it a treatment with IJ to i per cent, of 170° 
Tw. acid, followed by i to 1 per cent, of 04° Tw. 
caustic soda. The treated oil is then charged into the 
distilling apparatus shown in Fig. 38, and known as 
the ‘•'Gasoline” still. Referring to Fig. 38, A is the 
still proper, the contents of which arc heated by the 
steam coil 15, the vapours generated in A passing up 
throuj^) the fractionating column C, and over into the 
condenser T). Owing to the very volatile nature of the 
distillate, it is of the greatest importance that it should 
not be allowed to come in contact with the air in its 
passage from the still to the storage tank, and, there- 
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fore, the worm end E is fitted with the vapour trjp F. 
This trap is made of cast iron and provided on the top 
with an opening G (to allow of ready access to the 
inside) closed hy the cover II and made vapour tight 
by the lute 1. The front of the traj) is rc(;essed to 
receive the thick plate of glass J, which is held in its 



A, nit (iC fu t 

Fifi. 38. 


place by the iron strips K, and the joint made tiglit by 
the use of red-lead putty. The oltject of the glass front 
is to enable the attendant to see the flow of distillate 
and thus judge how the distillation is progressing. 
The distillate runs through the connection L into the 
receiving tank, and this latter tank must have a 
perfectly tight <;over, and be fitted with one or more , 
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wateivluted manholes to allow of the escape of vapours 
in case the latter may be generated by the heat of the 
sun, &c. Such generation of vapour may be greatly 
minimised by sinking the tank in the ground, so that 
the latter is just level with the top of the tank. 

Referring again to the fractionating column C. This 
is filled with the cast-iron dishes M, which are con¬ 
structed with the openings N, the upper side of which 
openings arc provided with covers 0. The bottom of 
the covers 0 are provided with the semicircular notches 
P. In placing the dishes in the column it is better to 
place them so that the openings N are at right angles 
to the openings in the dish below, as at X and Y. 

When the distillation starts, the heavier vapours con¬ 
dense and fill up the dishes to the height of the raised 
sides Q of the openings N, and the vapours that follow 
on from the still, in order to escape through the notches 
P, have to bubble through a depth of one inch of the 
condensed vapours lying in the dishes. In this way 
nothing but the very lightest of the vapours can find 
their way to the condenser worm end; a very perfect 
separation or fractionation is thus obtained. Years ago 
it was customary to use only ordinary connections be¬ 
tween the still and condenser, and, consequently, more 
or less heavy vapours passed over with the light ones ; 
when t])e column was adopted it was found that the 
still ran a very much longer time before the required 
bulk specific gravity of the distillate was obbiined, and 
that the yield was increased about 10 per cent. 

The distillate from the gasoline still is run from the 
start until the bulk specific gravity reaches 6G1 for 
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commercial gasoline, and then the distillate is tvrned 
into another tank until the bulk specific gravity reaches 
700, when the distillation is stopped and the residue 
left in the still should be pumped to the treated once- 
run oil storage tank. The second fraction (that has 
the bulk specific gravity of 700) ought to be put back 
in the still and redistilled, as it will then yield one or 
two per cent, more gasoline, and the rest of the distillate 
will be fit for the market as refined naphtha. 

The conneediou E on the still should be provided 
with a side outlet leading to the condenser wonn, be¬ 
cause a bulk specific gravity of 700 cannot be reached if 
the vapours have to pass up through the column—the 
steam coil not being designed to supply .sufficient heat 
to the vapours (when the latter get heavy)—to carry 
them up through the oil-luted dishes M. 


Pres.stno. 

In order to extract the wax from the oil the mixture 
is subjected to pressure, but before that can be done it 
is necessary that the mixture be first cooled. The 
method adopted for cooling the mixture depends largely 
upon what cold test is desired. 

As the first pressing is usually made at a tempera¬ 
ture of about 70° to 80° r., the cooling is effected in 
many cases by allowing the heavy oils and wax to stand 
in a large shallow iron tank exposed to the atmosphere 
and stirred every few hours by long handled wooden 
scrapers. This is an expensive way of dohig the work 
as it necessitates the use of considerable manual labour. 

The lower cold test oils (i.e. oils less rich in wax) 
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hav» to })e cooled lower than can be done by exposing 
them, in the summer time, to the atmosphere, and there¬ 
fore artificial means of cooling have to be resorted to. 
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shallow iron tanh A, provided with a water-tight cover 
B, which projected a few inches all round ; cold water 
was admitted near the bottom of the tank in jets C, from 
the circle of pipe D, and overflowed through the pipe E. 
The oil to l)e cooled was run through the pipe E, and 
allowed to fall in small streams G upon the surface of 
the cover B, and on the other side of the pipe from 
which the oil was discharged was secured a scraper H. 
The pipe and its scraper were kept slowly revolving in 
the direction indicated by the arrow J, by means of the 
gears I, and as the scraper removed the solidified oil 
from the surface of B, the streams of oil flowing from 
the pipe F distributed a fresh layer of oil, which went 
3 n cooling until the revolving scraper came round again 
and removed it. The convexity of the scraper (in the 
direction in which the latter travelled) resulted in the 
solidified oil being pushed over the edge of the cover 
B and falling on the brick floor K, whence it was 
shovelled into bags and then pressed. 

When the trade demanded a low cold te,st oil, 
Young’s cooler was found to be incapable of giving the 
de.sired results, and a cooler constructed on the principle 
of Fig. 41, and known as the “cylinder” cooler, was next 
designed. This cooler consisted of the cast-iron cylinder 
A and steel cylinder B, both of which were firmly bolted 
to the cast-iron ends C, which latter were provided with 
stuffing boxes D and fitted with glands. The cylinder 
was mounted on the iron frame E and rotated by 
^ears that engaged in the cogs F. The lower part of 
;he cylinder dipped into the saucer (G) containing the 
)il to be cooled, and cold brine was kept constantly 
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circulating tlirougli tlie annular space H by meaift of 
the inlet I and outlet J. 

As the cylinder slowly revolved its outside was 
coated with a thin film of the oil (contained in the 
saucer G), which the cold brine (contained in the annular 
spa(;e H) quickly congealed, and bj^ the time it reached 
the knife K it was cooled down to tlie temperature of 
the brine, and, being detached by the knife, it dropped 
into a trough, from which it was sucked by a pump and 
discharged into the presses. Although this cylinder 
required very little attention, cooled the oil to practi¬ 
cally any desired temperature, and was in eviny way a 
marked improvement over Young’s “ drum,” yet it did 
not give as satisfactory results as were desired, due 
to the fact that the oil was cooled too suddenly and did 
not have time, therefore, to properly crystallise, and 
consequently did not press easily. 

Henderson patented a cooling apparatus that con¬ 
sisted of a jacketed iron trough having a U cross 
section and provided with a shaft that passed through 
its centre from end to end, and to this shaft were 
attached scrapers. The trough being filled with oil, 
and cold l)riue circulated through the jaciket, the shaft 
was set in motion, and the rotating scrapers detached 
the oil that congealed on the cooled surface, and this 
treatment was continued until the whole of the contents 
of the trough had been reduced to tlie desired tempera¬ 
ture, when, by opening a valve, the cooled mass could 
be discharged into a press with the aid of a pump. 
Macay and Baxter patented a very similar apparatus, 
which was put into use at the Bathgate Works, and 
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resuitcd in an improvement in the pressing quality of 
the solidified oil. 




In 1885 Beilhy patented the apparatus shown in 
Figs. 42 and 43, and, without a doubt, it is the best 
form of cooling apparatus that has been so far designed. 
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It consists essentially of the wedge-shaped cells A and 
B, the former—^in which the oil is cooled—being smaller 
at the top, and the latter, or brine cells, larger at the 
top than the bottom. The cells A are filled from the 
charging tank D by raising the plugs C, and the cooling 
medium (water or brine) is circulated through the cells 
B by pumping it in at the bottom through the valves E 
and allowing it to overflow at the top through the con¬ 
nections F. The oil cells are jirovided at the bottom 
with the helical screws or conveyors G, which can be 
revolved by the worm-gear 11, and the flights of the 
conveyors have a gradually increased pitch towards the 
outlet 1, thus preventing undue crowding of the cooled 
material towards the outlet. 

The od cells are filled in rotation, and as each one 
is filled, the cooling medium is allowed to circulate 
through its cells and absorb the heat contained in the 
oil. The cooling operation is continued until the 
temperature of the contents of the od cell has been 
reduced to the desired point, when the flow of water or 
brine having been stopped, the conveyor of that cell is 
set in motion and the solidified oil is discharged by it 
through the valve I to the suction of the pump that 
supplies the filter presses. Owing to the shape of the 
od cell being that of an inverted wedge, it is evident 
that as soon as the conveyor commences to discharge 
the material surrounding it, the cake above is deprived 
of support and therefore slides down on to the conveyor, 
and thus the latter is kept constantly and automatically 
supplied with material until the cell is emptied. Besides 
being an economical mechanical device—the machinery 
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onljw being in actual use for a comparatively short 
time—it is also designed with a view to doing the 
work from a correct theoretical point of view. 

It must have been noted that by the use of the 
coolers previously considered, the oil was either very 
suddenly solidified or kept in constant motion while 
being slowly solidified. In the first case, the oil had 
not sutticicnt time to develop a definite crystalline 
formation, and, in the second ease, the oils were unable 
to dcveloj) into large or perfect crystals, owing to the 
constant motion to which it was subjected. In the case 
of Bcilby’s cooler, the oil is not only cooled slowly, 
but is also allowed to remain at rest until the cooling 
operation is completed and results in the formation 
of large and well-defined crystals, which, after being 
once formed, may be crushed or broken in their passage 
to the presses without afiecting the pressing quality of 
the material except, perhaps, to improve rather than 
deteriorate it. 

Before leaving the question of coolers, a few words 
must be said in regard to an apparatus designed by 
McGutchon, of Young’s Company, which was a great 
improvement over the other forms of continuous-motion 
slow-cooling coolers. It consisted of two cylinders 
A and B (Fig. 44) with an annular space C between 
them.^ In the inner cylinder was placed a conveyor 
D, that had about an inch clearance all round and was 
provided with the scrapers E, that was' constantly 
pressed against the inner surface of the cylinder by 
the springs F. The end G was provided with a stuf¬ 
fing box H through which the convevor shaft. r«i.a.sAd 
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and the end I was provided with a bearing J fo« the 
other end of the shaft, while the centre of the shaft was 
supported by the bearing K. The oil to be cooled was 
pumped through the connection L, and as it be(;ame 
solidified it was removed from the surface of the cylin¬ 
der by the scrapers E, and, being carried along by the 
conveyor I), was finally discharged through the con¬ 
nection M. The cooling medium passed into the 
annular space through the connection N, and in its 



Fig. 14. 

passage to the outlet 0 was made to travel in a spiral 
course formed by the inner projection P of the outside 
cylinder B. 

The construction of this cooler could bo improved 
by placing the connection N at the other end of the 
cylinder and doing the same also with the connection 0. 
By making this change, tlie cooling capacity of the 
cylinder would be increased, and the resulting solidified 
matei'ial would-■ be improved foi' the reason that the 
latter would leave the cylinder at the point wh^re the 
cooling medium was coldest, while the inflowing oil 
would first "he affected by the somewhat warmed cooling 
medium, and would thus not be so liable to be too 
suddenly congealed. The cooler as shown in the illus¬ 
tration is capable of reducing the temperature of 7000 
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gallons of oil from G0° F'. clown to 30° R per twenty- 
four hours, and it takes one and a half hour for the oil 
to pass from one end of the cooler to the other. 

In the earlier days of the industry, the solidified oil 
was placed in canvas hags and subjected to pre.ssure 
in a vortical scj-cw press. Later, a press worked by 
hydraulic, power was built, and consisted of a large 
piston atfciched to a rod lhat descended into a perforated 
iron cylinder about 5 feet iu diameter by 4 to 5 feet 
deep. A large canvas l«ig (of the .same diameter but 
rather longer than the (cylinder was deep) being placed 
inside the cylinder and filled with the solidified oil 
aaid then closed and tied, was subjected to pressure by 
forcing the jhston down into the perforated cylinder. 
Although a lai'ge amount of oil evas expressed and 
escajwid through the jaerforations, it was found that 
owing to the great uninterrujated depth of material, the 
resulting wax still contained a large percentage of oil, 
and finally, therefore, the hydraulic pi'esses were built 
as shown iu Fig. 45. The cylinder A was cast w'ith 
four lugs B, which (;arried the upright rods or guides C, 
surmountcid by the heavy rilabed cast-iron head plate D. 
The ram E Avas provided at the bcattom with a leather 
cup packing F, which latter w.as held in position by the 
plate (i and screws H, and the upper end was surmounted 
by th(i ribbed cast-iron bottom plate I, AAdiich latter 
was provided with four lugs J that moved easily up and 
down the'guides C. The press is filled *l,y taking 
canvas sheets and placing on them (within given lines} 
a depth of two or three inches of the material to be 
pressed, and then folding them over to the centre from 
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each of the four sides, and when thus filled and‘folded 

they are sandwiched 
between plates made 
of woven bamboo 
and then placed in 
the press. A press- 
full of these alternate 
layers of sheets and 
plates was subjected 
to a high pressure 
(by pumping oil or 
water in under the 
ram E through the 
connection K), which 
was maintained for 
a sufficient length 
of time to ensure 
all the oil being ex¬ 
pressed and a dry 
wax being left in 
the sheets. 

The above hy¬ 
draulic press re¬ 
quired very careful 
handling, when deal¬ 
ing with the lower 
cold-test oils, and, 
at the best, the work 
was sloppy and the 
results unsatisfactory, and led to the use of filter presses. 
The side view of a filter press is shown in Fig. 46 , the 



Fio. 45. 
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constriction of a filter press plate is shown (partly in 
seetion) in Fig. 47, and a cross section of the plate 
through XY is shown in Fig. 48. The plates are 
constructed of cast iron with a hearing face A (Figs. 47 
and 48) on all sides and a corrugated inner surface B, 
which latter is covered by the perforated wrought-iron 
plate 0, while the whole is covered by the canvas sheet 
D. The centre of the plate is provided with a hole 
into which fits the brass sleeve E. This sleeve is pro¬ 
vided with flanges and is made in two parts which 
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screw together, so that after a sheet with a centre hole 
has been placed on each side of the plate, one half of 
the sleeve is passed through the hole in the sheet and 
plate from one side, and the other half from the other 
side, and when these two halves are screwed tightly 
together, their flanges make a tight joint between the 
canvas sheets and perforated plates at that point. The 
hexagon niit portion of the flanges is providecl with the 
slots F, and as, when two or more plates are placed 
together as shown in Fig. 48, the sleeves touch each 
other and thus prevent the centre of the plates from 
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bending and breaking when under pressure, and/it the 
same time form a continuous passage, from one end of 
the press to the otlier, the slots form means of commu¬ 
nication between the central passage and the space G. 



Figb. 47 and 48. 


When a press is “ made up ” as in Fig. 46, all the plates 
A' and cloths are squeezed tightly together by the 
screw B' with the aid of the handled wheel C'. The 
cooled oil is pumped into the press through the connec¬ 
tion H, and passing through the continuous passage 
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formed by the sleeves F, fills up all the spaces 6, and, 
as the pressure rises, the oil filters through the cloths 
D, and passing through the perforated plate C, runs 
down the corrugations B and out through I, while the 
wax remains behind and fills the space Gr. 

The perforated iron plate in the filter presses is 
designed to take tlie place of the bamboo plate of the 
hydraulic presses, but in reality there is a great difference 
in tlie utility of the two plates. In pressing a mixture 
of a li(]uid and solid, the liquid leaves the solid at right 
angles to the pressure, and, therefore, as the pressure 
on a cak(‘. of wax in a filter j)rcss is exerted through the 
slots F, it is cviilent that the oil will leave the cake in 
the dkection of the perforated plate, but in the case of 
the hydraulic press, the bamltoo plates are parallel with 
the pressure, and consequently no oil filters through to 
them (except at the very start) as it leaves the ciikes of 
wax at the edges—whi(;h are the points at right angle to 
the pressure. When the oil is expressed from the wax, 
it passes away heticeeii the crystals and not through them, 
and as, by examining a cake of wax as it is taken from 
the hydraulic; jeress, it will be seen that the crystals or 
scales lie parallel with the pressure (i.e. lengthways with 
the cake), it is proof that this assertion is correct, and 
also, that solid plates would give as good results in a 
hydraulic press as bamboo or slatted ones. In the case 
of the filter presses, the crysfcils or scales lie crossways 
of the caike, and again, therefore, parallel with the 
pressure, and consequently, perforated plates arc neces¬ 
sary at the sides of the cake, in order to give the oil a 
free outlet. 
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Wax Eefining. 

In the early days, the refining of crude scale was 
partly accomplished by breaking the scale up fine and 
then placing it in perforated tin cans and washing it 
with successive quantities of naphtha. In tliis way a 
large portion of the oily colouring matter was removed, 
but as the demands of the trade became more exacting, 
other and more efficacious methods had to be adopteil. 

Most of the refiners adopted an acid and soda treat¬ 
ment for starting the refining process, and treated the 
melted crude scale (at a temperature of about 15 to 20 
degrees F. above its melting point) with 1J to 2 per 
cent, of 148° Tw. acid, and afterwards witli 8-] lbs. of 
carbonate of soda (in the form of a 4° Tw. solution) to 
every 100 gallons of wax. The clear settled wax then 
received 25 to 30 per cent, of squeezings from the 
second naphtha treatment (sec below), and was run into 
galvanised iron pans and allowed to cool—forming cakes 
about 24 inches long, 12 inches broad and 3 inches 
thick. The pans with their solidified contents were' 
turned upside down on pieces of sacking, in which the 
cakes were then separately wrapped and then placed in 
a horizontal hydraulic press enclosed in woodwork and 
kept at a temperature of about 100° to 130° F. (accord¬ 
ing to the required melting pdint of the resulting wax). 
After being pressed for about two hours, the wax left in 
the sacking'was thrown into a tank, melted ffnd mixed 
with 12 to 15 per cent, of 755 specific gravity naphtha, 
and then run into pans and cooled. The cool cakes were 
hot-pressed, and the resulting wax was then steamed 
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with .open steam for eighteen to twenty hours, and 
after settling for a few hours the wax was pumped to 
the char * treating tank and mechanically agitated at a 
temperature of 240° F., with 2 per cent, of char. The 
char-treated wax having been settled for ten to fifteeS 
horns, was next run through large sheets of filter paper 
(placed inside a perforated tin cylinder) in order to 
remove any char that had not settled out, and finally it 
was cast into cakes, cooled, packed and was then ready 
for the market under the name of twice-washed or 
semi-refined wax. 

The squeezings from the first pressing were run into 
a still, and, the naphtha having been steamed off with 
open steam, the residue was converted into a cheap 
grade of wax by giving it a hot hydraulic pressing, 
and put on the market under the name of Kecovered 
Wax. 

The squeezings from the second naphtha pressing 
were used for the first naphtha treatment, as stated 
above. 

With the introduction of caustic soda into the 
residuum stills, the colour of the crude wax was so 
improved that the acid and soda treatment was no 
longer necessary, and the wax was refined by being 
mixed with 55 to 56 per cent, of No. 2 squeezings (sec 
below), cast into cakes and then hot hydraulic pressed 
under a pressure of about 30 lbs. on the square inch of 
the cake. The expressed oil was steamed in order to 
recover the naphtha, and the wax left in 'the still was 
either pumped amongst the crude wax or, after a treat- 
* See “Char.” 
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ment with | per cent, of 148° Tw. acid, was packed 
into boxes and sold to the manufacturers of inferior 
and cheap candles. 

The wax left in the hydraulic press was thrown into 
a tank and melted and then converted into semi-refined 
or, refined, wax by the following further treatments. 


Semi-Refined Went. 

If this grade was required, the above molted wax 
was steamed for fifty-five to sixty hours, with 20 lbs. 
pressure steam, and was then treated with 0 • 5 to 0 • 6 
per cent, by weight of char, filtered, cast into cakes, 
packed, and was then ready for the market. 


Refined Wax. 

In making this grade, the once-pressed melted wax 
was mixed with 60 per cent, of No. 3 squeezing (see 
below) cooled, hot pressed, thrown into a tank and 
melted, and was then known as twice pressed wax. 
The squeezings from this second pressing (= No. 2 
squeezings) were used for the first naplitha treatment. 

The twice-pressed wax then received its final treat¬ 
ment with 35 to 40 per cent, of fresh 755 specific 
gravity naphtha, and, after being cooled, pressed, &c., 
was treated with 0'6 to 0’7 per cent, char, panned and 
packed, was ready for the refined wax market. 

The squeezings from this last pressing (= No. 3 
squeezings) were used for the second naphtha treat- 
• ment. 
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Sioeating Process. 

Owing to the great liability of explosions and fire 
resulting from the use of volatile naphtha in refining 
wax, and to the great cost due to the enormous loss of 
naphtha by evaporation, extensive experiments were 
made some twelve years ago to determine the practica¬ 
bility of refining wax by means of heat only. In the 
first experiments, an iron structure about 12 feet long, 
4 feet wide and 6 feet high was constructed and fitted 
with sloping iron shelves about 9 inches apart, and the 
whole was heated by means of a steam coil placed on 
the floor of the structure. The iron shelves were 
covered with coarse cocoa-nut matting and the crude 
wax (cast into suitable sized cakes) having been laid on 
this and the doors being tightly closed, a little steam was 
turned on the coil. In a few hours, the oil commenced 
to sweat out of the wax, and then the temperature was 
gradually increased until finally the de.sired colour of 
wax was ol)tained, and tlien steam was shut off and the 
doors thrown open. The wax that remained on the 
matting was r emoved by hand, melted in a tank and 
then treated with char, and was ready for the market. 

Tlic experiments, as far as they went, were eminently 
successful, but, there was an opening for decidedly 
reducing the working costs of this process, and Norman 
Henderson quickly availed himself of the opportunity 
and invented and patented an apparatus that reduced 
the cost to such a low figure, that it will probably be 
many years before any cheaper method of refining wax 
is discovered. Henderson’s patented apparatus consists 

M 2 
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of a substantial brick building or “ oven ” 52 feet^ong, 
13 feet wide and 12 feet bigb, in which is erected an 
iron framework composed of cast-iron uprights held 
together by iron piping, the latter acting also as heating 
coils. On these coils arc placed iron trays 21 feet long, 
6| feet wide and 5^ inches deep, and Ig inch above 
the bottom of each of the trays is secured (on piping or 
rods resting on angle iron that is riveted to the inside 
of the tray) a diaphram made of 25-mcsh brass wire 
gauze. All the trays—which number nine in lieight 
and two in length, making a total of eighteen—are 
fitted with adjustable side outlets at the bottom of one 
of the sides and midway between the two ends. 

In order to charge the apparatus, water is first run 
into the trays, the outlets of whic.h are raised so that 
the water just covers the diaphragm before it overflows 
through the outlet; then the trays are filled (to within 
an inch of the top) with melted wax, which latter is 
cooled by water that is kept constantly flowing in 
under the diaphragm, and by the air that circulates 
throughout the building. When the wax has been 
cooled to the desired point the water is shut off, the 
tray outlets lowered so as to drain the pans, and after 
the doors of the building have all been closed up tight, 
steam is admitted to the coils and the sweating process 
is thus started. The temperature to which the oven is 
heated depends upon the melting point of the wax under 
treatment and the required melting points ofithe resulting 
wax. A refined wax made by this process cannot be dis¬ 
tinguished from a naphtha refined wax, bu|^ course a 
sweated wax must be finished with a char treatment. 
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Char. 

It was many years before the peculiar smell of a 
non-char treated wax could be removed and the present- 
day bluish-whiteness could be obtained. When wax 
was first refined, it was treated with either animal 
charcoal or fullers’ earth, but the results were uncertain 
and, at the best, unsatisfactory. 

In 1864, John J. Lundy, who was a large chemi¬ 
cal manufacturer, of Leith, near Edinburgh, called tlie 
attention of Andrew Taylor, F.C.S. (owner of a small 
oil work at Uphall) to a by-produc-t of the manufacture 
of “pru,s.siate of potash,” and suggested its possible use 
as a decolorising and deodorising agent for wax. 
Experiments proved that this prussiate of potash char 
did tlie work .so perfectly and ga^'e .such superior re.<iilts 
over anything that has so far Ijcen tried that Taylor 
immediately adoped its use, and until the secret of his 
success was discovered liis waxes brought the highest 
pftces of any in the market. Since this char became 
generally used for the final wax treatment nothing 
to be compared with it has so far been discovered, 
and it bids fair to hold its own for many years to 
come. 

Having now followed the oil and gaseous products 
of the djjstillation of shale f'om start to finish, the 
various distillations and processes through which the 
oily products afterwards passed may be somewhat easier 
memorised or followed by studying Diagram II. Of 
course it must not be supposed that all the companies 
,adopt exactly the same methods of distillation, fraction-. 
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ation *nd treatment above described, as each company 
has its own fads, which finally result in finished products 

DIAGRAM 3. 
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that are neither better nor worse than can be obtained 
by the above modus operandi. 

Diagram III. has been prepared for the purpose 
of showing at a glance the relative yields of various 
products from shale. 



CHAPTER V. 


AMMONIA WATER. 


It was many years after the Scotch Mineral Oil Industry 
had been started before the value of the water from the 
coal or shale retorts was discovered. The water was 
looked upon as a necessary nuisance, and was run into 
the sewers that discharged into the small rivers or 
“burns,” that ran past the various works, but in 1865 
its value was discovered by accident by Robert Bell, of 
Broxburn, who kindly sent the author the following 
information:— 

lie (Mr. Boll), like the other oil-work owners, had 
been disposing of his retort water by running it into a 
small stream, and the latter became so polluted that 
the water was rendered undrinkable, and the trout and 
other fish were nearly all killed. The Rivers Pollution 
Commissioners were soon on Bell’s track, and when the 
latter found himself entangled in an expensive litiga¬ 
tion, he immediately stopped running the water into 
the stream and turned it into a field instead. Shortly 
after making this change, he noticed the ground over 
which the water ran was wonderfully productive, and 
that the grass grew apace. After turning this matter 
over in his mind he concluded that the water must have 
some properties that had so far not been credited to it. 
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and he at once set about experimenting with it, yhich 
experiments resulted in his starting the manufacture 
of sulphate of ammonia as a by-product of the distilla¬ 
tion of shale, and this product was first placed on the 
market by Bell in May 1865. 

Use and Impurities op Sulphate of Ammonia. 

The sulphate of ammonia manufactured by the 
Shale Oil Companies in general is by no means a pure 
article, although some makes arc considerably purer 
than others. 

The principal impurities met with in these com¬ 
mercial sulphates are: iron, arsenic and more or less 
oily bases, but the presence and quantities of tliesc 
impurities depend largely on the kind of sulphuric acid 
used in the manufacture. One of the companies used a 
“ sulphur ” acid,* and as that docs not contain either 
iron or arsenic, the sulphate of ammonia resulting from 
its use was consequently free from both those impurities. 
Other companies used “ pyrites ” acid,f and as that 
pontains large quantities of both iron and arsenic, those 
impurities entered more or less into the composition of 
the sulphate made from that acid. Again, some of the 
companies used Recovered t Acid in the sulphate of 
ammonia manufacture, and in that case the sulphate was 
impregnated with more or less oily bases, and, if the 
original acid were a pyrites acid, iron and arsenic were 
also present. 

* That is, sulphuric acid made from sulphur or hriuiDi.uuti. 

t That is, sulphuric acid made from iron or copper pyrites. 

J Boo “ Eoeoverod Acid.” 
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Considering that commercial sulphate of ammonia 
is principally used as a fertiliser, and that, largely on 
the sugar plantation of the West Indies, it is evident 
that the presence of the three impurities above named 
is not detrimental, and no one with common sense 
ought to take objection to either tlie smell or colour of 
sulphate of ammonia that is to be used as a fertiliser, 
and so long as it contains the guaranteed percentage 
of ammonia they should be content, because it is the 
ammonia that docs the work, and the presence of the 
aljove impurities will not detract from the good results 
in any way. However, the various companies in trying 
to oust each other’s product by expatiating on the 
superior colour and therefore purity of one make over 
another, has led the consumers to l)clieve that a light- 
coloured sulphate is a better fertiliser than a dark- 
coh)urod one, and, consequently, it is necessary nowadays 
to manufacture as light coloured a product as possible 
in order to find a suitable market for it. 


Sulphate of Ammonia Manufacture. 

The general arrangement of the apparatus used in 
the manufacture of sulphate of ammonia is shown in 
Fig. 49, in which A is the still, B the acid, and C the 
alkalin^ “ cracker boxes,” D the settling tank, and E 
the evaporating box in the “ ammonia house ” F. The 
vapours from the stills pass into the n’ain G, which 
supplies the cracker boxes through tin? connections H, 
and the spent water runs off through the connection 1. 
As a large volume of sulphuretted hydrogen, carbonic 
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acid gas and steam result from the operation, and as 
this mixture would seriously pollute the atmosphere if 
allowed to escape, the cracker boxes are fitted with 
tight covers and provided with the outlets J that con-, 
nect into the main K that conducts the vapours away 
to be disposed of in the way to be presently explained. 
When a cracker box is ready to be emptied, the damper 
L is closed so as to prevent the vapours from the other 
boxes ))acking up into it. All the stills should be 
provided with valves M, that enable a still to be shut 
ofi'from the rest when repairs, &c., are needed. 

Before explaining the working details, it will be wise 
to first examine the details of the construction of the 
apparatus so that the details of the manufacture may 
be more easily understood and followed. 

Ammonia Still. 

Tlie method that was first adopted for extracting 
the ammonia from the water was to boil the latter in 
horizontal boilers and conduct the vapours through a 
main to the cracker boxes; but this method resulted in 
a considerable loss of ammonia, and was, generally, an 
expensive way of working. The loss of ammonia was 
due to the inability to drive off sufficient of the ammonia 
contained in the water, and as the spent water left in 
the boiler often contained as much as an equivalent of 
100 grains* of sulphate of ammonia per gallon when 
blown off into the sewer, it will be seen that the loss 
was considerable. 

About the year 1882, Beilby patented the ammonia 
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still shown partly in section in Fig. 50, and although the 
general construction is not particularly original—being 
patterned after Coffey’s still—it has one or two points 
that make it particularly well adapted for the purpose 
for which it is intended. The main body A of the 
still was composed of two castings securely bolted 
together, and on the upper end was bolted the feed and 
outlet connection B, and to the bottom, the pressure 
leg C. The object of the leg was to enable a sufficient 
depth of water being maintained in the still to over¬ 
come the internal prc.ssure without trapping or luting 
the openings in the plates or otherwise interfering with 
the working of the still. The space from the under side 
of the casting B to the top of the casting C was filled 
with the cast-iron plates D, E, F and G. The plate D 
was constructed for the purpose of supporting the plate 
next above it at a suitable licight from the casting C, 
and its construction is sliown in plan in Fig. D‘. The 
plates E and F were respectively concave and convex 
upwards, and by looking at the plans E' and F‘ it will 
be seen that tlie passages in the former -were placed 
near the periphery, while the passages of the latter were 
central. As these plates were placed alternately in the 
space above D it is plain that the descending water 
and ascending steam had to travel in a zigzag course, 
andAe steam, which was admitted through the com- 
nection H was thus brought into intimate contact with 
the descending ammonia water that entcj'ed at the top 
through the connection I. The reason for designing 
the plate G with the cup J on the top was to ensure 
an even distribution of the inflowing water over it. 
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The action of the still was continuous ; the anmonia 
water entering at the top was deprived of the greater 
portion of its ammonia before it overflowed through the 
outlet I (Fig. 49), by the action of the 20-lb. pressure 
steam that entered at PI and passed upwards and 
out through the connection K, carrying the ammonia 
vapours with it. 

Cracker Boxes. 

The cracker boxes are the vessels in wliich the 
action between the ammoniacal steam and the sulphuric 
acid takes place, and tliey arc called “ cracker ” boxes 
on account of the cracking noise that results from the 
steam blowing in amongst the comparatively cold 
contents of the boxes. 

These boxes or tanks (A, Figs. 51 and 52) should 
be made of p to ^ inch iron, and be cylindrical in 
form. The inside must be lined with 10-lb. lead and 
the top should be provided with the wooden cover B 
having the sliding door C and the opening for the 
connection D. 

As ammonia quickly destroys brass and other copper 
alloys, and as iron would be as quickly destroyed by 
the weak sulphuric acid, it is evident that the valves E 
need to be specially constructed. The usual method of 
constructing these valves is to cast the main part or 
body E‘ in lead and fasten to it the two iron lugs F 
which hold the cross bar G with its screw* H in place. 
The end of tlje screw H is enlarged, so as to fit the 
space between the iron disc I and the two half-rings J. 
To the centre of the iron disc I is riveted a disc of 
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rubber K, and the latter is riveted around its edge to 
the projecting flange L of the body E', but two or 
three inches of the bottom edge of the rubber are left 
unriveted, so that when the disc I is drawn outwards 
by the screw H, the contents of the cracker box flow 
out through the opening formed between the unriveted 
portion of the rubber and the body of the valve. When 
the iron disc is forced inwards by the screw, it forms a 
tight joint by pressing the rubber against the flanged 
body of the valve. 

The ammoniacal steam is distributed in the cracker 
box by means of the perforated lead pipe M. 

The cracker box is represented in Fig. 52 as having 
a flat bottom, but it is necessary in the case of the acid, 
and preferable in the case of the alkaline boxes to have 
the bottom somewhat dished and fitted in the centre 
with a connection closed by a lead plug actuated by a 
rod passing up through the cover. That construction 
allows of the boxes being periodically and thoroughly 
cleaned at a small cost for labour. 

Settling Tanks. 

The settling tanks should be constructed of the 
same weight material as the cracker boxes, have 
dished bottoms, be fined with lead, but need not be 
provided with covers, although it is better td have the 
latter, as they Slep our dust and dirt. 
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Evaporating Boxes. 

These may be conveniently and cheaply constructed 
of wood lined with lO-lb. lead. The best sizes for 
these boxes is about 12 feet long, 4| feet wide by 
1^ feet deep. The inside must be provided with a 
2-inch lead coil of about six horizontally parallel 
strands of pipe along each of the sides and ends, and so 
plac,ed as to leave a clear space of 9 feet in length by 
14 foot in breadth in the centre of the box. Also, the 
coil should be supported about 3 or 4 inches above the 
bottom of the box. 


Working Details. 

Supposing the apparatus to be in working order, and 
two acid wacker boxes having been charged half full 
with acid, the steam is turned on the stills and the 
ammonia water feed started. The volume of steam is 
so regulated that the pressure in the still is not quite 
sufficient to cause the steam to blow out through the 
overflow I (Fig. 49), and the feed is so regulated that 
the “ spent ” water flowing from I does not contain more 
than a certain amount (the actual amount will be referred 
to later) of ammonia. 

The ammoniacal steam from the stills is now allowed 
to enter one of the cracker boxes (by opening the cock 
on the connection H, Fig. 49), and the absorption of the 
ammonia by the acid is allowed to continue for three 
hours, at the end of which time the supply of ammonia¬ 
cal steam to that box is shut oil' and opened to the other 

N 2 
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box. The contents of the first box arc now allowed to 
settle for two and a half to three hours, and are then 
transferred to an alkaline box (B, Fig. 49) by means of 
a light trough that can be placed under the valve N and 
reaeli across to the opening in the cover of B. As soon 
as the transfer is completed, the second acid box will 
have received sufiicient ammonia, and its supply is 
therefore shut off and the ammoniacal steam allowed to 
enter B and blow through the contents for about one 
hour after the smell of ammonia first becomes apparent. 
About three hours’ steaming are necessary in the alkaline 
box to ensure thorough saturation, and, consequently, by 
the time the contents of this box are saturated, the 
contents of the second acid box have been transferred to 
a second alkaline box and are ready to receive the 
ammoniacal steam as soon as it is shut off from the first 
alkaline box. 

While the alkaline boxes are being steamed, the acid 
boxes are being recharged with acid, and so the opera¬ 
tion goes on fropi one week’s end to another. 

As soon as the saturation of the contents of the 
alkaline box is completed, the valve is at once opened 
and the contents are run to the settling tanks D, where 
they are allowed to settle for six or eight hours, and if, 
at the end of that time, the liquor is free from any 
sediment it is charged into the evaporating or crystal¬ 
lising boxes E. 

After the evaporating box has been filled to within 
3 or 4 inches of the top, steam is turned into the coil 
and the liquor is boiled down to about one-third of its 
original volume, and about nine to ten hours are 
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requised in order to effect this reduction. The steam 
is now shut off and the sulphate of ammonia erystals 
that lie in a thick layer on the coils and in the space 
between the coils are removed by means of long, broad 
wooden shovels and placed on sloping tables to drain. 
After all the crystals have been “fished” out, some 
3 or 4 inches of mother liquor will be left in the box 
and mixes with the fresh liquor from the settling tanks 
when the box is refilled. 

The crystals should be allowed to remain on the 
drainii)" tables for five or six hours and then be trans- 

O 

ferred to the drying room, which latter must be heated 
by a steam coil or other means to a temperature of 100° to 
120° F. After four or five days’ exposure in the drying 
room (during which time the mass of crystals must 
be frequently separated and turned) the sulphate of 
ammonia should be quite dry and, after all lumps have 
been broken, ready for packing into bags and delivery 
in the market. 

The latter part of the process could be greatly 
cheapened by placing the crystals as they are taken 
from the evaporating box into a centrifugal dryer 
fitted with a bottom emptying arrangement like those 
used in sugar refining, and the contents of the centri¬ 
fugal dryer could then be emptied into a hopper that 
would fged a revolving cylinder. The cylinder should 
be about 12 feet long and 3 feet in diameter and 
provided on the inside with a snugly fitting spiral 
steam coil, the strands of which should be about 3 
inches apart; one end of the cylinder should be about 
3 inches lower than the other. The slanting position 
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of tile cylinder, together with its rotary motion', wi] 
cause the sulphate of ammonia entering it through th 
hopper at the high end to travel slowly towards th 
lower end, and hy the time the lower end is reached th 
sulphate will not only be perfectly dry, but will also b 
free from lumps due to the tumbling it would be subjcctcc 
to in the cylinder. To complete the arrangement, th( 
lower end of the cylinder should be placed over a hopper 
from which latter the bags could be filled quicker am 
by one-third of the labour employed to do that work a 
the present time. 

With a properly designed drying plant one man foi 
each shift (day and night) could easily attend to tin 
crystallisation, drying and packing of all the sulphafi 
of ammonia turned out at any one of the Scotch works, 
and, if such an apparatus as above described were pul 
into use it would pay for itself in a very few months. 

As the valves on the acid cracker boxes are situated 
about 4 to 6 inches above the bottom, that depth would 
of course become filled with the settled precipitates il 
the boxes were not periodically cleaned by raising the 
plug that closes the hole in the centre of the dished 
bottom and washing the settlings or “ mud ” down into 
another cracker box kept for the purpose. After suffi¬ 
cient cracker boxes have been washed out to fill the 
“ mud ” cracker box the ammoniacal steam is turned 
into the'latter, the resulting liquor is setitled and as 
much of it as possible is run to the settling tanks. 
What is left in the box should then be washed with its 
own volume of water, steamed and settled; and the 
clear solution having been run to the settling tanks; the 
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residue left in the box can be removed and thrown 

* 

away. 

The settlings from the settling tanks should be 
treated in the same way as the settlings from the acid 
cracker boxes. 

After the evaporating boxes have been running for 
a week or so, the mother liquor will become decidedly 
acid and the crystals of sulphate of ammonia will then 
be exceedingly small and hard to dry. Therefore the 
acid mother liquor should either be transferred to an 
alkaline cracker box and steamed, or else allowed to 
remain in the evaporating box, and be rendered alkaline 
by the addition of a fairly strong solution of aqueous 
ammonia. 


Chemistry of Sulphate of Ammonia Manufacture. 

The chemical action that takes place in the cracker 
boxes depends, to a certain extent, on the kind of acid 
used. 

“Sulphur” Add. 

If this acid is used there will be no need of settling 
tanks, and only one cracker box will be required, as the 
acid does not contain iron and arsenical impurities, and 
therefore ^here will be no precipitates to settle out. 

Recovered “Sulphur” Acid.> 

In the event of this acid being used, a separation of 
oily bases will take place when the acid has become 
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thoroughly neutralised by the ammoniaeal steaiK, and, 
consequently, it will be necessary to allow the contents 
of the cracker box to settle for one and a half to two 
hours before drawing it off; and to provide a connection 
into which the bases can be run after the liquor has 
been drawn off. 


Pyrites Acid. 

This acid, as we have already seen, contains iron 
and arsenic in solution. 

All ammonia water from the retorts contains more 
or less sulphur in tlie form of sulphide of ammonia and 
sulphuretted hydrogen, and when the ammoniaeal steam 
is turned into the acid cracker boxes a considerable 
volume of sulphuretted hydrogen is consequently 
evolved. 

Sulphuretted hydrogen precipitates arsenic from an 
acid solution. 

Precipitated sulphide of arsenic is re-dissolved ))y an 
alkaline solution. 

Sulphuretted hydrogen precipitates iron from an 
alkaline solution. 

From the above it must be evident that when a 
pyrites acid is used it is absolutely necessary to use 
both an acid and alkaline cracker box, if both of the 
acid’s impurities are to be extracted. It is alsp evident 
that the arsenic is preeijntated, by the sulphuretted hy¬ 
drogen, in the acid cracker box, and thus neeessitates 
the contents ('f the latter being settled for three hours 
before being transferred to the alkaline box, in which 
latter any arsenical precipitate would be re-dissolved. 
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W« have seen that iron is only precipated, hy sul¬ 
phuretted hydrogen, from an alkaline solution ; therefore 
if the ammonical steam were shut off from the alkaline 
box as soon as alkalinity was reached it is quite plain 
that little or 110 iron would be precipitated, and that, 
consequently, it is necessary to continue the process for 
an hour or so longer, in order to allow the sulphuretted 
hydrogen to precipitate the iron. As the sulphide of 
iron precipitate takes longer to settle than the arsenical 
precipitate docs it should not be settled out in the 
alkaline boxes, as such procedure would necessitate 
increasing the number of those boxes, and an increased 
expenditure as compared with providing the cheaply 
made settling tanks. 

Recovered Pyritefi Add. 

This contains oily bases as well as the iron and 
arsenical impurities. Furthermore, the iron which was 
present in the original ac.'id as ferrous sulphate has 
(during the passage of the acid through the refining and 
recovery processes) become oxidised and converted into 
ferric sulphate. 

Sulphuretted hydrogen reduces ferric sulphate to 
ferrous sulphate. 

Sulphuretted hydrogen will not commence to preci¬ 
pitate irqn until the latter is in the ferrous state. 

It is plain, therefore, that when recovered acid is 
used, the ammoniacal steam must be passed through 
the alkaline boxes for a longer period after .saturation 
than in the case of the original pyrites acid, or, other¬ 
wise, the whole of the iron will not be reduced or 
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completely converted into sulphide, and in that case 
the liquour will not settle properly. 

From the foregoing it will have been noticed that 
besides noxious gases and steam being carried off 
through the connections J and K (Fig. 49), a large 
escape of ammonia in the same direction must also take 
place (from the alkaline boxes), and if these gases, &e., 
were passed in under furnaces and burnt, it must result 
in a large loss of ammonia. In order to prevent that 
loss it is evident that the vapours from the cracker 
boxes should be led back to, and forced into, the retorts, 
either by the use of a steam injector or other suitable 
apparatus. 

If arsenic is present in the liquor that is evaporated 
to crystallisation, it will give the sulphate an objec- 
tionalde yellowish colour. If iron is present it will 
give a reddish-brown colour. More or less bases are 
always present in the crystallised sulphate if recovered 
acid is used, and invariably gives the .sulphate a pecu¬ 
liar disagreeable odour, besides a reddish colour, which 
latter becomes more pronounced the longer the sulphate 
is kept and exposed to the air. 

Two gallons of ammonia water contain enough 
sulphur to precipitate the whole of the arsenic and iron 
contained in one gallon of 63° Tw. recovered acid, and 
as one gallon of the latter will neutralLse aljout 120 
gallons of ammonia water (containing the equivalent of 
500 grains of sulphate of ammonia per gallon), we see 
that the ammonia water contains about sixty times 
as much sulphur as is necessary to precipitate all the 
arsenic and iron, and therefore there is no excuse for 
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havings any of these impurities in the crystallised 
sulphate.' 

The vapours leaving tlie acid cracker boxes contain, 
on an average, 3’8 to 5‘7 per cent, by volume of 
sulphuretted hydrogen; while those from the alkaline 
boxes contain 0 • 1 to 0 • 7 j)er cent. 

The reduction in gravity from C3° or 70° (for the 
acid) to 44° (for the saturated liquor) is due partly to 
the absorption of the ammonia gas and partly to the 

Otl Jnlfb 

I' ' I 
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Fig. 53. 


fact that the volume of the acid is increased about 20 per 
cent, by the steam that condenses in the cracker boxes. 

The oily bases separated in the alkaline boxes should 
be run to a' storage tank for liquid fuel. If properly 
burnt, a ton of oily bases is equal to fully three tons of 
coal. In order to get the best results, it is necessary 
that the bases should be injected into the furnace, and 
two very suitable forms of injectors for this purpose are 
shown in Figs. 53 and 54, which are designed for work¬ 
ing with 20 to 30-lb. pressure steam. 
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The strength of acid used in this manufactqre is of 
importance. If too weak, it entails a large expense for 
steam in order to elfcet the evaporation and crysUlIisa- 
tiou, and if too strong, the sulphate will crystallise out 
in the settling tanks and cause trouble. 

Experience hfis shown that 44° Tw. is the most 
suitable strength for the .sulphate of ammonia li(]Uor 
that is run to the settling tanks. This gravity can be 




easily maintained, by carefully w;itching and regulating 
the gravity of the acid charged into the acid cracker 
boxes. If recovered acid is used, the strength .should 
be 63° Tw.—if original pyritcjs acid is used, the strength 
should be 70° Tw.—which is C(piivalent to 63° Tw. in 
recovered acid, as the lighter gravity of the latter is due 
to the pre.scnce of the oily base.s. 

The strength of the ammonia water received from 
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:hc retort department is liable to large variations. The 
ijuantity »f steam used in tlie retorts of course regulates 
the strength of the resulting ammonia water to a large 
jxtont, but if the (juantity of steam used is the same in 
dl cases, then the strength of the ammonia water will 
vary ac-cordiug to the seam of shale or form of retort 
used. As some seams of shale yield twice or three 
times as much ammonia as others, the water from some 
is corresjwndingly stronger than that from others. As 
the Young and Bcilby retorts yield fi(mi three to six 
times moi’e ammonia than the Henderson retorts do 
[from the same shale), the Young and Beillty ammonia 
watc.]' is consequently three to six times stronger than 
the Henderson. On an averagfq the strength of am¬ 
monia waters may be said to be 550 grains of sulphate 
of ammonia per gallon from the Heudoi’son retorts and 
2000 grains pei' gallon from the Young and Beilby 
retorts. 

As regards tlie spoilt water overflowing from the 
ammonia stills, we have seen that in the case of the old 
form of “ boiler ” still, the blow-oft'water contained as 
much as an equivalent of 100 grains per gallon, but in 
the case of the Beilby still, the figures usually vary 
between 18 ‘ 5 and 35 ’ 0 grains per gallon, and if the 
stills are carefully and properly watched there is no 
reason why the figures should exceed 25 grains. 

One of Bcilby’s ammonia stills of the size shown in 
Fig. 50 will tlistil 7470 gallons of ammonia water per 
twenty-four hours, and will reijuire about 3,60 gallons of 
water in the form of 20-lb. pressure steam. 

On an average, a sulphate of ammonia plant uses 
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about isdo gallons of water in the form of 20-lb. pres'^ 
sure steam per still per twenty-fom' liours. This includes 
the steam used for all purposes, such as stills, evapo¬ 
rators, drying coils, engines, &c. 

Dry sulphate of ammonia after being sifted through 
a l-incli mesh sieve weighs 53 J lbs. per cul)ic foot if the 
measure is shaken while being filled, or 48 li)s. if the 
measure is filled without shaking. 

Metliods of determining the strength of ammonia 
Water and crystallised sulphate of ammonia are fully 
described under the heading “ Laboratory.” 



CHAPTER VI. 


DISTILLING DATA. 

The life of the various stills depends, greatly upon 
the treatment they receive at the hands of the stillmen, 
the quality of the oil distilled in them and the quality 
of the iron used in their construction. 

If the Stillman opens the furnace door and draws the 
damper leading to the chimney too soon after the distil¬ 
lation in a coking (= crude, heavy residuum and soda) 
still is finished, the current of cold air passing around 
the still is very liable to crack the heavy cast-iron 
bottom, and, therefore, before this means of cooling is 
resorted to, the rod heat (of the coke left in the still) 
should be first reduced by blowing steam into the still 
for four or five hours. These stills usually start to 
crack after about the 100th to 150th distillation, and as 
these cracks arc usually small or short, they can be 
easily and effectually repaired by placing a patch of 
wrought iron over them and securing the patch by 
bolts that arc screwed into holes that are first tlrilled 
and tapped into the cast iron. The joint between the 
cast iron and the patch should be made tight by the 
use of a mixture of black oxide of manganese and oil. 

Table XX. gives the life of the coking stills, or num¬ 
ber of months they arc in use until their conefition becomes 
so bad that they have to be replaced by new ones. 
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Tablb XX. 


Name of Still. 


Average Number 
of Months in 

Use. 

Average Number 
of Distillations 
Made. 

Crude oil . 


51 

o 

o 

Heavy residuum . 


31 

:J10 

Soda . . . . 


r.t) 

tdO 


Before tlie use of steam iii the .stills, the life was 
very mueh shorter owing to the larger amount of coke 
left in the still and couse(]uent higher heat ncccs,sary 
to “ dry off ” the still. The reason why the heavy 
re.siduum have a shorter life, and the soda a longer life 
than the crude f)il stills, is because the first deposit more 
and the second less coke than the latter stills do. 

The amount of coke formed in the stills is .shown in 
Table XXL, and the weight given for the .soda stills is 
minus the weight of the caustic soda placed in the still. 


Table XXL 



j Name of Still. 

Condition of Distillation. 

Crude Oil. j 

Heavy Itesuluum. 

Soda. 


1 Lbs. of Coke per 1000 Giillons Cliarged. 

Witliout gteam 

54-81 

•• 1 


Steam after wax began tol 
show in distillate. . | 

51-18 

• 

•• 

Steam tbrougho'jt distilla-1 
tion . . . .| 

37-33 

45-00 

15-30 
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The life of the light oil stills is many years, and they 
practicMiy never need to be wholly replaced, as they are 
not subjected to any very excessive heat, and, if properly 
looked after, an occasional patch on the bottom or a new 
bottom once in a great while is all that is really neces¬ 
sary. 

The quantity of steam used in the various distil¬ 
lations is shown in Table XXII., and is expressed in 
gallons of water. The pressure of the steam should not 
exceed 20 lbs. per square inch, and it is important that 
tlie pressure at the boilers should be kept steady, as a 
lluctuation seriously afiects the running of the stills and 
the quality of the distillate. 


Tablb XXII. 


Name of Still. 

Gallons of 
Water per 100 
Gallons of 
Distillate. 

CruJo (tlironghout). 

14-3 

((from start to 860 sp. gr.) 

10-0 

Ist stage] ♦ 

l( „ 850 sp. gr. to fimsn) 

14-3 

2 nd „ (throngbont). 

10-0 

3 rd „ light „ . 

10-0 

>1 hoavy „ ..... 

14-0 

4 th ^ „ . 

15-0 

.(from start to dark colour) . 

15-0 

Heavy rosiduua. {, , , , „ . , ^ 

I ( „ dark colour to finish) . 

20-0 

j (from start to 860 sp. gr.) . . . . 

20-0 

' ( „ 860 sp. gr. to finish) .... 

26-0 
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Table XXIII. shows the length of time a distillation 
takes, ^le length of time the light oil stills are fed, 
capacities of the stills and the amount of fuel required 
to effect the distillation, and, also, the amount of fuel 
required to raise steam for use in the stills, to run the 
pumps and warm the tanks c.ontaining the heavier 
distillates, and other information. 

Pressure Stills. 

It has been seen that when an oil is distilled very 
slowly it is decomposed with a breaking up of the 
heavier or high specific gravity oils into lighter or 
lower specific gravity oils; if this slowness of distil¬ 
lation is coupled with high pressure in the still, the 
decomposition that takes place is greatly increased, and, 
therefore, it was customary before suitable outlets were 
found in the market for products that were too heavy for 
burning oil and too light for lubricating purposes, to 
distil them in pressure stills and convert them into 
marketable products. 

The stills used for this purpose were made of boiler 
plate, cylindrical in form, and placed horizontally over 
the furnace. On the upper side of the still was riveted 
a dome of about 3 feet in diameter and 2 feet 
6 inches high, and provided with a couple of large hand¬ 
holes on opposite quarters of the side and a swan-neck 
(leading to the condenser) on the top. A 3 inch lever 
safety valve was attached to that portion of the still 
covered by the dome and was weighted so as to maintain 
a given pressure in the still. 

0 2 
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The still having been charged and the fire lighted, 
the distillation did not start until the press hre was 
sufficient to raise the saftey valve, and when that pressure 
was reached, the vapours escaped into the dome and 
then passed through the swan-neck to the condenser. 
The stills were usually run under a pressure of 40 lbs. 
per square inch when new, but after being in use a few 
months the pressure was reduced, and this reduction 
was increased with the age of the still until (when the 
stills were too old for safe working and had to be 
replaced by new ones) the pressure was finally only 
8 lbs. per square inch. 

Oils of 845 to 800 specific gravity when distilled 
(nic.e under a pressure of 40 lbs. per square inch will 
yield 50 to 70 per cent, of an oil under 820 specific 
gravity at the worn end. If the residues of two of 
these stills are charged into another still and distilled 
under 40 lbs. pressure they will yield another 8 to 
10 per cent, (calculated on the original oil). 

Now that a market has been found for the inter¬ 
mediate oils the pressure distillation is not so often 
resorted to. 

It has been claimed that the same results as those 
obtained from pressure stills can be obtained by distil¬ 
ling the oil up through a column 11 feet high. If the 
oil to be distilled were a heavy lubricating oil, the 
effect of making the vapours rise 11 feet higher than 
usual befoie they could escape to the corfdenser would 
surely result in more or less light oil being formed, but 
the columns, as might naturally be expected, failed to 
cause any appreciable extra amount of “ cracking” (over 
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an ordmary still) when the still was supplied with the 
grade of oil charged into pressure stills. 

The comparative results from distilling an oil 
through the column and through the ordinary connection 
of a still arc given in Table XXIV. The specific gravity 
of the oil charged into both stills was 815, and the 
distillation was continued until both bulk specific 
gravities were 805, with the result that the still fitted 
with the ordinary connection yielded 2 per cent, more 
distillate than the still fitted with the column. 


Table XXIV. 



Ordioary Connection. 

Column. 

Time. 

Sp. Gr. 

Tempemture 
nf Vapour, ° 

Sp. Gr. 

Temfiomturo 
of Vapour, ° F, 

At start . 

708 

392 

766 

385 

1 hour at start 

780 

428 

781 

392 

2 hours at start 

790 

446 

787 

410 

3 . 

794 

464 

792 

419 

4 „ „ . 

798 

473 

798 

446 

5 „ „ . 

804 

491 

804 

464 

6 „ „ . 

808 

504 

812 

482 

7 )) » - 

815 

514 

817 

498 

8 . 

817 

520 

824 

518 

9 j> j'i 

822 

532 

828 

538 

10 „ „ . 

825 

543 

832 

568 

11 . 

828 

556 



12 „ „ . 

832 

674 
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Continuous Distillation. 

Henderson, of the Broxburn Oil Company, patented 
a continuous distillation apparatus (some nine or teu 
years ago), which consisted of three stills (similar tc 
light oil stills) connected together by a suitable arrange¬ 
ment of pipes, and the stills were “set” so that 
the oil flowed from one to the other and maintained 
a certain given level in each still. The furnace fires 
were so regulated that each succeeding still was kept 
at a higher heat than the previous one, and in that way 
the first still (i.e. the still that received the feed) dis¬ 
tilled off all the oil that would vaporise at the tempera¬ 
ture of that still, and the residue constantly passed on to 
the next still, where it vaporised as far as the heat of 
that still would allow, and then passed on to the third 
still. The temperature of the third still was not suffi¬ 
ciently high to coke the still, and the steam of residuum 
from this still was conducted to a battery of four or 
five coking stills, where it was distilled to dryness. 

This method of conducting a “ feed ” or continuous 
distillation certainly gave a better fractionated and 
more homogeneous distillate than that obtained from 
the one-still-fced-distillation, but no feed still will 
give as homogeneous an oil as an unfed still for this 
reason:—Suppose the temperature of the still is high 
enough to distil off 10 per cent, of the oil charged into 
it, or, say, the temperature is 450° F. Again, suppose 
the oil fed to^ the still starts to boil at 375° F. Now 
it is quite plain that if the 375° boiling point oil is 
liberated in a still where the temperature is 450° F. 
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there must be a sudden evolution of light vapours that 
will bo''‘so great that these vapours will mechanically 
carry away vapours or oil of a very much higher boil¬ 
ing point and specific gravity, and, therefore, a proper 
fractionation or separation of the light and heavy 
vapours cannot be accomplished. 

If stills of 50,000 gallons or so capacity were used 
in place of 3000 to 5000 gallon stills, there would be 
no need of resorting to continuous distillations, and far 
better products would be obtained. 


Condensers. 

The area of the condensing surface of the condenser 
worm and the diameter of the coils largely affect the 
running of the still and the quality of the distillate. 
There should be sufficient outlets from the still to allow 
of the oil in the still being kept in contact with the 
heat for only the shortest length of time necessary to 
ensure a proper separation of the impurities intended 
to bo removed by the distillation. The condensing 
capacity should be sufficient to allow of the still being 
run at a maximum rate without causing loss of vapours 
due to imperfect condensation, and, in order to ensure 
this, there should be 1 square foot of condensing surface 
for every gallon of oil distilled per hour for heavy oils; 
1^ square feet for burning oils ; and If to 2 square feet 
for naphth^i or other very volatile oils. 

As regards the size of the condenser worm. The 
internal area of the cross section of the worm at the 
inlet to the condenser should be O'05 square inch per 
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gallon of distillate per hour, or if the distillate ran at 
the rate of, say, 200 gallons per hour, the si 2 t 6 ^ of the 

worm should be ^ 3-102 inches in 

internal diameter. That size should be continued for 
about one-third the total length, and then reduced to 
2 -^ inches for the next third, and to 2 inches for the 
last third. 


Table XXV. 


Name of Oil or Wax. 

Si).Gr 

Boiling or 
Melting 
Boint. 

Latent lleai 
of Vaporisa¬ 
tion. 

1 Vapour 

1 )ensity. 

Specific 

Heal, 

Gasoline. 

G42 

70° P. 

100-2° P. 


0-5800 

Naphtha. 

720 

115° P. 

100-6° P. 

3-005 

0-5687 

• • • 

756 

175° P. 

133-5° F. 

3-190 

0-5104 

Burning oil . 

810 

260° P. 

105-4°P. 

4-270 

0-4991 

Intermediate . 

843 

545° P. 

. . 

7-770 

0-4950 

Marino . 

836 




0-4561 

Pressed oil 

885 


. . 


0-4413 

Lubricating oil 

865 




0-4492 

J) » 

890 




0-4441 

Eefined paraffin wax 


81i° 



0-5584 

» J) » 

• • 

0 

00 

. . 


0-4164 

n j) 


120° 



0-4069 

j) 1) » 


130° 



0-3659 

Stearine 

• 

O 

00 

cq 

-- 

1 

0-3529 


In figuring out the sizes of condenser worms it is 
always wise to leave a wide margin, as it allows of the 
size of the still being increased at any time without 
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necessitating altering the condenser, and it also allows 
of the sfill being pushed (i.c. run faster than usual), as 
is often necessary in the case of the still starting to 
leak, &c. 

The quantity of water necessary to effect the con¬ 
densation of the oil vapours and cool the distillate to 
any desired point, can be calculated by the aid of the 
specific and latent heat figures given in Table XXV. 
For an example, we will suppose that we have 1000 
gallons of 75G specific gravity naphtha to distil, and 
that the distillation will be conducted at the rate of 
100 gallons per hour, then :— 

1000 gallons at 756 specific gravity = 7560 lbs. 
The latent heat of vaporisation of 756 naphtha 
= 133-5° F. 

Therefore (7560 X 133-5 =) 1,009,260 thermal 
units will have to l)e extracted from the vapours in 
order to condense them to a fluid of 175° F. tempera¬ 
ture. The condensed fluid (i.e. distillate) has to be 
cooled to 60° F., and as the specific heat of the 
distillate is 0-5104 (water being 1-000) the amount 
of heat that will now have to be extracted will be 
(7560 X 175 - 60 X 0-5104 =) 443,741 thermal 
units, therefore the total thermal units to be extracted 
will be (1,009,260 4- 443,741 =) 1,453,001. As the 
distillation will take ten hours, the number of thermal 
units per Iiour to be absorbed by the condenser will be 
145,300. We will now suppose that .the initial tem¬ 
perature of the condensing water is 50° F., and that 
the temperature of the overflow will be 80° F. As the 
specific heat of water is 1, and the temperature of the 
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water wiil be raised 30°, each pound of water will 
therefore absorb 30 thermal units, and as*" 145,300 
thermal units have to be absorbed, (145,300 -r 30 =) 
4849 lbs. (= 484 • 9 gallons) of water per hour will be 
required. 

The above figures are based on the assumption that 
the boiling point of the naphtha would be 175° F. 
throughout the distillation, but this, of cqnrse, would 
not be the case, and more water than the above figures 
call for would be required. Also, a condenser is never 
perfect in its action owing to the worm becoming more 
or less covered with sediment, &c., and more water will 
be required again in this case; however, the approxi¬ 
mate quantity of water required can be determined 
near enough for practical purposes by calculating as 
above and then adding 10 per cent. 
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TREATING DATA. 

Air versus Mechanical Agitation. 

The kind of agitation used in the treatment has an 
important bearing on the “ loss duo to treatment.” It 
is evident that if an oil that contains more or less light 
vapours is subjected to air agitation and the air so 
used is allowed to escape into the atmosphere, it will 
cause a loss over and above that due to the action of 
the acid, as the air will go away saturated with the 
light vapours. The author made a large number of 
experiments in order to determine the amount, &c., of 
this loss, and the average of the results will be found 
in Talde XXVI. 

Table XXVI. 


Grade of Oil. 

Length of 
Time Agi¬ 
tated by : 
Air. 

Spe 

Grai 

Start. 

cific 
fity at 

Finieh. 

Percentage 
L 088 (by 
Volume). 

Temperature 
of Oil during 
Agitation. 

Onco-rnn oil . 

30 min. 

870 

871 

0-521 

106° F. 

Ist Biago Ifght oil . 

30 „ 

814 

814 

0-047 ■ 

59° F. 

„ heav;,' „ . 

30 „ 

854 

854 

0-023 

63° F. 

No. 1 burning oil . 

15 „ 

810 

810J 

0-132 

60° F. 

Naphtha (semi-re-) 
fined) . . .5 

15 „ 

770 

777 

6-313 

60° P. 
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Ph._ 

V 

Q 

H 

Cm 

O 


g, 

» 


Per cent, 
by Weigh 
of Acid 

Tar, 

0-10 

0-28 

0-06 

0-16 

0-08 

1-21 

0-26 

Hours. 

.. 

91 

8 

8 

f 

f 

9 

9 

Grains of 
Free Acid 
per Gallon 
of Oil. 

39-67 

68-34 

23-05 

26- 73 

27- 12 

30-01 

160-29 

71-82 
91-00 1 
3-16 

1 Per cent, 
by Weight 
of Acid 

1 Tar. 

0-053 

0-071 

0-021 

0-032 

0-031 

0-037 

i 

0-002 

1 

left in Oil 
Settled for 
regular 
length of 
Time. 

0-069 

0-090 

0-037 

0-049 

0-041 

0-054 

0-239 
0-093 1 

0-162 j 

0-009 

1 

j Settled 
(Hours) 

1 

2 eSS'^'^oooo 


•S'K 


+ + 
fira s2 

+ + 

© o 



10 


10 





0 






»• 


0 

0 

0 

0 

CO 

CO 

CO 

CO 


o 

CO iH 


a 

o 


o 


'ts 

. ^ 

•I ^ 

■S -s 
2* § 
•a -g 
•S ® 

§ a 


e 

a 




^ js • 
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^ a .£] 


so 

OS 


S 

O 
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S 

m 

tJ 

a 
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•1 
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» IQ 
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three separate agitationa and additions of acid, with short settlings between. 
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The figures in Table XXVI. clearly show that the 
agitation-of semi-refined naphtha by air is out of the 
question unless a closed agitator is used, and the con¬ 
nections to the air-pump or “ blower ” are so arranged 
that the latter draws its supply from the top of the 
agitator, in which case any vapours passing off in the air 
would be returned in the air delivered from the pump. 
The loss is considerable even in the case of the once- 
run oil, but by the adoption of the arrangement above 
suggested could be entirely prevented. 

The author would suggest, in the event of the 
expensiveness of centrifugal agitators standing in the 
way of their adoption, that the agitators be provided 
witli tight covers, and that the whole of the air supply 
to the blower be drawn from the top of the agitator. 

Table XXVII. has been prepared for the purpose of 
showing the length of time the various grades of oil are 
agitated and settled, and how much acid tar is left in 
the oil that has been settled for different lengths of 
time. 


Rkcovered Acin. 

About 90 per cent, of the sulphuric acid used in the 
treatment of the oils can be recovered by pumping the 
acid tars to lead-lined tanks and steaming them with 
open steam. 

The lehgth of time that the tars are steamed depends 
on the quality of the steam (i.e. a good dry steam takes 
longer than a “ wet ” steam) and the gravity desired 
for the resulting recovered acid, but, generally speaking, 
six to eight hours’ steaming should be sufficient to 
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reduce the strength of the acid to 63° Tw. When the 
desired strength has been obtained, the steam* is shut 
oif, the contents of the tanks allowed to settle, and 
after any paraffin oil, &c., that rises to the surface has 
been skimmed of and pumped to the liquid fuel tank, 
the acid is ready for use as Kecovered Acid. 

Soda Recovery. 

Soda Tars. 

The practice of recovering the soda used in the 
treatment of the oils, was first started in 1874. 

The soda solution used in the oil treatment is partly 
converted into sulphate of soda (by neutralising the 
free sulphuric acid left in the settled oils), and that 
portion cannot be remuneratively recovered, but the 
larger portion of the solution is neutralised by the 
phenol impurities of the oil, and the soda in this portion 
can easily be recovered by acidifying the soda tar with 
an acid that will form an easily decomposed soda 
compound. This is effected by passing carbonic acid 
gas through the soda tar, and as soda has a greater 
affinity for the carbonic acid than for the phenols, the 
latter are thrown out of combination and separate as an 
oily layer. 

This separation was first effected by means of the 
apparatus shown in Figs. 55 and 56, which* was con¬ 
structed as fellows. A perforated cylinder ^ was placed 
inside the cylinder A and securely held in position by 
the horizontal divisions C. The cylinder was supported 
on the frame D by the castings E, and was revolved (in 
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tlie direction indicated by the arrow) by tlie gears F. 
The two'connections G and II fitted into the castings E, 



Fia. 55. 


and the joints were made tight by means of glands and 
packing. The method of working was to first fill the 
cylinder with soda tars through the cock K to the 
height I, and then, having set 
the cylinder in motion, pass 
carbonic acid gas in through 
the connection G and allow it ^ 
to escape through the connec¬ 
tion H to a chimney. The 
soda tar was in this way 
saturated with carbonic acid, 
because as“ the cylinder re¬ 
volved the t' i was kept con¬ 
stantly pouring down through the gas in fine streams (as 
shown at J). The acidified liquor was drawn off through 
the cock K. 
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From, four to six hours were generally sufficient to 
effect the conversion of the soda tar, and, as one of these 
cylinders was capable of handling 350 gallons of tar at 
a time, the capacity of the apparatus was from 1000 to 
1400 gallons of soda tar per twenty-four hours—allowing 
ample time for charging and discharging. 



An improved soda recovery apparatus is shown in 
Fig. 57, in which the tower A was provided with the 
perforated plates B, and the soda tar was. circulated by 
the pump C, which latter drew its supply from the 
bottom of the tower, and discharged it through the 
connection E, in at the top of the tower, and as the tar 
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passed down through the perforated plates, ij came in 
contact Vith carbonic acid gas that was generated by 
slowly burning coke in the small furnace F, the neces¬ 
sary draught for which latter was supplied by the 
connection G being continued into a tall chimney. 
This apparatus was capable of handling 1500 gallons of 
soda tar per tw'enty-four hours, and tlie cost of working 
was very much less than in the case of the cylinder, and 
also the first cost wm greatly in favour of the tower 
apparatus, as may be seen by the following figures. 


.£ 8 . d. 

Revolving cylinder complete . . . 75 10 0 

Ciirbolic acid gas generator . . 10 0 0 

Engine and pumps (combined) . 05 0 0 

Total . . 150 10 0 

£ 8. d. 

Tower. 38 0 0 

('arbonic acid gas generator . 10 0 0 

Pump. 50 0 0 

Total . . 98 0 0 


After the soda tar had been treated as above, it was 
pumped to a tank and allowed to settle for six to eight 
hours, after which the phenols that rose to the surface 
were skimmed off and pumped to the liquid fuel storage 
tank, and the carbonated soda liquor was then causti- 
cised with qui^’k-lime, slaked and evaporated in V-shaped 
pans to the desired strength, and was then ready for 
use as “ Recovered Soda.” 
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Soda Colce. 

The recovery of the soda from the soda coke resulting 
from the soda distillations is readily accomplished by 
piling the coke in heaps, setting fire to it and allowing 
it to burn to an ash. 

This process should be conducted on iron plates and 
under a corrugated iron shed, so that the ashes may be 
protected from wind and rain until they can be trans¬ 
ferred to a tank and washed with water. The watery 
solution after being settled free from any of the insol¬ 
uble ash is mixed with tlie carbonated liquor from the 
soda tar. 

Treatment of Waste Water from the Works. 

It must have become apparent to the reader tliat a 
very large volume of water is daily used in the various 
processes through which the oil, &c., have to pass, and 
that an oil work must discharge a large volume of 
waste water into the rivers or sewers in tin; vicinity. 
As it is a practical impo.ssil)ility to pravent leaks from 
various oil pipes, &e., and as such leaks invariably find 
their way into the waste water conduits, it is necessary 
that an oil work should be provided with a main trap, 
into which all the drainings of the work sliould be led 
before being allowed to escape into the rivtff or public 
sewers. 

The proper construction of such a trap is shown in 
Figs. 58, 59‘and 60, and consists of a brick and cement 
structure A (the top of which is level with the ground) 



Scale of'Ffct- 


Figs. 5<S, 5l», GO and 01. 
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divided by tlic walls B and C. The mixture of water 
and oil flows in through D, and the water accompanied 
by a certain amount of the oil descends and passes 
through the arched openings E, and, striking against 
the wall C, have to rise before the water and any oil 
it may still hold in suspension can again descend to the 
arched openings in the next wall (B), and so on, until 
the water finally flows away through the pipe F. By 
makimj the water take an upward course (and giving it 
plenty of space in which to do it so as not to cause 
sufficient current to mix the oil and water) after a 
downward one, tends to help any oil it may contain to 
come to the surface, whence it is pumped off through 
the swinging (connections G, leading to the pumps II 
in the pump house I. It is important that the walls C 
should not be continued up high enough to cause any 
perceptible current on the surface, and, in fact, there 
should be a distance of 6 to 7 feet between tlie top of 
the walls and the top of the trap. 

If the walls C arc omitted, as shown in Fig. 61, a 
large amount of oil will pass through to the outlet F, 
because the oil held in suspension in the water will be 
free to flow through from one end of the trap to the 
other, as shown by the straight arrows, and only the 
lighter oils will rise to the surface. 

The Rivers Pollution Commisioners are exceedingly 
particular as regards the water discharged '’into the 
rivers, (fee., and inspectors pay frequent vhdts to the 
various works to .sec that the law is properly obeyed. 

The visit of one of these inspectors to the Bathgate 
work in the days when the late James Young was in 
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constant attendance there, led to an incident that Young 
was never tired of reciting. The inspector in question 
thouglit he detected the taste of paraffin products in 
the small stream that flowed past the woi'k, and imme¬ 
diately saw Young in regard to it, and, accompanied by 
the latter gentleman, went back to the lower end of the 
work and again tasted the water, and invited Young 
to do the .same ; but the latter declined, and suggested 
that they should walk up stream, and that the inspector 
should taste the water at some point above the work, so 
as to make sure that the Bathgate work was to blame. 
The inspector considered that a fair proposition, and as 
they walked up stream he kept on tasting the water 
and always finding indications of paraffin products, and, 
finally, as they rounded the l)asc of a slight hill some 
distance above the works, Young exclaimed, “ There’s 
the source of the paraffin products }'ou taste.” The 
inspector looked in the direction Young indicated, and 
seeing half a dozen very dirty looking miners bathing in 
the river concluded to let the matter drop, and, further¬ 
more, did not bother Young again for many months. 
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CHAPTER VIII. 

LABORATORY. 

The work done in an oil works laboratory is u.sually of 
a very varied cliaracter, from tlic simple oil tests to the 
analyses of the various chemicals, &c., used in, and the 
by-products resulting from, the manufacture of shale 
oils. 

The method of testing the various products will first 
shortly be considered. 

V Solidifying Point. 

^Vhen testing the distillate from a still for wax, the 
quickest and simplest way is to have a beaker or 
tumbler filled with water at a temperature of three or 
four degrees lower than the desired solidifying point 
and allow a drop of the distillate to run down the 
outside of the glass. Jf the “ drop ” reaches the bottom 
without showing any signs of wax, the solidifying point 
is too low, but if there are signs of wax the distillation 
must be carefully watched, and the distillate tested 
every few minutes until (when the drop will not 
traverse more than an inch before it solidifies) the 
required solidifying point is reached. 

Id determining the solidifying point of a crude or 
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other oU containing a large amount of wax, the author 
would advise the following method being adopted ;— 

A couple of inches of a long bulbed thermometer are 
dipped into the heated oil and then quickly held in a 
nearly horizontal position between the thumb and fore¬ 
finger of both hands and slowly revolved, while at the 
same time the position of the thermometer is constantly 
changed, so that at one time the bulb is somewhat lower 
and then somewhat higher than the other end. The 
adhering oil will hang as a long horizontal globule 
from the under side of the bulb, and is prevented from 
dropping off by the constantly rocking and revolving 
motion of the thermometer, which motion also ensures the 
oil being uniformly cooled by constantly exposing fresh 
portions of it in a thin film on the upper side of the 
bulb to the cooling action of the air. Eventually, the 
globule will commence to thicken and revolve partly 
with the bulb, and finally become so thick that it will 
remain stationary in whatever position the thermometer 
is held, and as soon as that point is reached, the tem¬ 
perature must be quickly read. Solidifying points 
taken in this way agree very closely if ordinary care 
is exercised and there is not too great or too little 
difference between the temperature of the air and the 
solidifying point of the oil—the difference should be 
about 10“ to 20° F. 

O 

Setting Point. 

The name of this test is very misleading, and a far 
more appropriate name for it would be “ Cold Test.” 

The test can be made in two ways, to suit the nature 
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of the oil -to be tested : if the oil is light coloured, bright 
and free from moisture, a depth of about 2 inches of it 
is poured into a test tube (about 1 inch in diameter by 
6 inches long) and a long bulbed thermometer having 
been placed in the oil, the tube is immersed in a freezing 
mixture. As soon as the oil has solidified the tube is 
removed, the outside wiped dry, and then held up in 
front of a window and stirred with the thermometer (as 



shown in Fig. G2) until the last trace of crystals dis¬ 
appears, when the temperature is noted. This operation 
should be repeated, and second result obtained is the 
setting point or cold test of the oil. This method of 
working gives very concordant results, and different 
operators can easily agree to withi n half of a degree, but 
it is most essential that there shall be no moisture or 
air bubbles in the oil, and, to prevent the latter, it is 
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necessary that the oil be very carefully and slowly 
stirred. 

For dark-coloured oils, such as pressed and untreated 
oils, the method is as followsA small beaker (about 
inch in diameter by 3 inches deep) is filled to a 
depth of about I inch with the oil to be tested, and is 
then placed in a freezing mixture and stirred with a 
thermometer until the surface of the oil becomes 



“ dulled ” by erystals of wax. The beaker is then 
removed from the cooling mixture and held (as shown 
ill Fig. G3) in a good light, and its contents stirred until 
the last trace of crystals disappears and the surface of 
the oil is quite liright again. With a little experience 
and practice, difi'erent operators can easily agree in 
their results to within one degree by this method of 
working. 

REMtlON BETWEEN CoLD TeST AND PERCENTAGE 
• OF Wax. 

The author made a large number of determinations 
of the amount of wax that was contained in oils of 
different cold tests, and the averages of the results axe 
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given in Table XXVIII. The oil used in making the 
determinations was an 890 oil of 26° F. cold test, and 
the wax used in raising the cold test was the wax which 
belongs to that grade of oil (and which Ijad been removed 
by pressing the cooled 890 lubriciiting oil distillate), and 
had a melting point of 102° F. We see by reference to 
the table that an oil of 33° cold test contains 1 ‘477 per 
cent, more wax than an oil of 26° cold tost, or tiiat an 
oil of 39|° cold test contains O'962 per cent, more wax 
than an oil of 33° cold test, and so on. 


Table XXVIII. 


Cold Test. 

Per Cent, by 
Weight of W'ax. 

Cold Teat. 

Per Cent, by 
Weight of Wax. 

op. 


0 p 


20 

0-000* 

39i 

2-439 

29 

0-497 


2-912 

30 

0-095 

43 

3-381 

31i 

0-990 

45 

3-840 

83 

1-477 

47 

4-300 

3GI 

1-970 




* It must not be eupposed that 2G° cold-ti st oil contains no was, as that is 
not the case ,* but a certain cold test had to be taken for a starting point, and 26*^ 
was the lowest that could conveniently be obtained, and was therefore adopted as 
the starting point. 

Flash Point. 

There are too many methods of taking the flash 
point of oils to allow of their all being refened to here, 
and therefore only the generally adopted methods will 
receive notice. 

In determining the flash point of. burning, and other 
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comparatively low-flashing oils, an apparatus designed 
by Abel, and known as the “ closed test ” is almost 
universally used. Abel’s apparatus consists, in general, 
of a small metal cup (provided with a cover) which fits 
into an air bath surrounded by a water bath. The water 
in the water bath is heated to a certain * temperature 
and imparts its heat to the air (contained in the air 
bath), and the latter imparts heat to the oil. ’The oil is 
thus heated very slowly (the prescribed rate being ] ° F. 
per minute), and at every rise of one degree in tempera¬ 
ture of the oil, a small slide fitted to the cover of the 
oil cup is pulled on one side, and a flame of the size of 
a bead is admitted to a point just below the opening in 
the cover. If the oil is suflieiently hot the flame will 
cause a slight flash to cross the Surface of the oil, and 
the temperature at which that takes place is the flash 
point of the oil by the Abel or closed test. 

In determining the flash point of lubricating or high 
flashing oils, the “ open ” test is usually employed. 

In order to make this te.st it is only necessary to 
have an open metal f cup about 2 inches in diameter by 
2 inches deep. This cup is filled to within half an inch 
of the top with the oil, and a thermometer having been 
suspended in it, a small argand flame is applied under¬ 
neath. The oil must be heated very slowly, and about 
fifteen to j^wenty minutes should be taken in raising the 
temperature to, say, 300° F., also, it is absolutely neces- 

* If tho flaBh point of the oil is very high, the temperature of the 
water must be higher than for low-flash point oils. 

t If there arc any joints they must be brazed, as ordinary solder 
' will molt. 
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sary that there shall be no draught whatever near the 
cup, and the latter should be placed in a corner shaded 
from direct light, so that the flash may be easily seen 
when a bead flame is passed across the top of the cup 
at a distance of one-sixteenth of an ineh above the 
surface of the oil. 


Viscosity. 

The viscosity represents the amount of “ body ” or 
viscousness that an oil has, and it is determined by 
the use of diflerent apparatuses in different countries. 
B. Redwood’s viscometer is the English standard in¬ 
strument, while G. M. Saybolt’s is the American, and 
Engler’s the German standard. 

The method of determining the viscosity by any of 
the above instruments is essentially the same, and 
consists in noting the length of time that a given 
c|uantity of oil at a certain standard temperature takes 
to run through a small orifice at the bottom of tho 
instrument. 

The temperature at which the viscosity of an ordi¬ 
nary lubricating lil is determined has been fixed by 
usage at 70° F., and the reason why that temperature 
has been adoptee. as a standard is because it is the one 
most easily obtained and held at all seasons of the year. 
It is important iihat the temperature of the room should 
be at as near 70° as possible, because, notwithstanding 
that the instrumenV are surrounded by a water bath, 
the results are considerably affeeted by any great 
variation in the temperature of the atmosphere above or 
below the standard temperature. 
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Mineral oils of the same specific gravity often vary 
greatly in viscosity, and, as the higher the viscosity 
the less quantity of oil usually is necessary to lubricate 
a given piece of machinery, it is to the interest of the 
consumer to buy his oil by the viscosity test rather 
than by the specific gravity—which latter test is, at 
present, the one an oil is usually valued by. However, 
it would be unwise to give preference to an oil on the 
strengtli of the viscosity only, as the viscosity is con- 
sidci'ably affected by the cold rest of the oil, and there¬ 
fore the cold test should always be considered in 
connection with the viscosity. By referring to Table 
XXIX. the j-elation between cold test and viscosity will 
be plainly seen, and it will be noticed that the higher 
viscosity oils ai'o affected to a greater extent per degree 
rise in cold test than the thinner oils. 


Table XXIX. 


87f) t^p. <-ir. Oil. 

88.5 Sp. 

Gr. Oil. 

too Sp. Gr. Oil. 

CoU Test. 

ViacoKity. j 

j Cold Test. 

, Viscosity. 

Cold Tost. 

1 

1 Viscosity. 

27“ 

223 

27“ 

200 

j 

27“ 

279 

31i° 

220 

32“ 

271 

83“ 

297 

35“ 

234 

84i“ 

285 

3G“ 

317 

40" 

241 

89“ 

301 

40“ 

345 

434“ 

, 247 i 

1 

42J“ 

317 

42“ 

364 


The higher the cold test the more wax there is 
present in the oil, and, as wax is an exceedingly bad 
lubricant, it stands to reason that if there are two oils 
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of the same viscosity to choose from and the cold test 
in one case is five or ten degrees higher than the other, 
the lower cold test oil should be selected. 

Numerous machines have been designed for jorac- 
tkalhi testing the lubricating qualities of an oil, but 
the results obtained from such machines arc of little or 
no value to the user of lubricating oils for the reason 
that the bearings, &c., in those machines are as perfect 
at it is possible to make them, whereas the bearings in 
use in mills and shops generally have some little defects, 
and an oil that would answer W'cll for lulmhiating one 
journal might be useless for another, and therefore if the 
user would try three or four different grades of oil, and, 
having determined whi(di one gives the best results wdth 
his machinery, would have the cold test and viscosity 
of the oil of his choice carefully determined and see 
that future deliveries of oil corresponded with these tests,' 
he would save oil and wear and tear to his machinery. 

Tablk XXX. 


Name of Oil. 

Specific 

Viscosity (by B. Redwood’s 
Apparatus). 

Gravity. 

At 70'= F. 

At 100° F. At 150° F. 



seconds. 

seconds. 

seconds. 

885 mineral oil. 

88(1 

78 

48 

32 

890 „ „ . . . 

890 

1.55 

69 

47 

Cottonseed oil . 

916 

877 

198 

87 

Thickened ditto 

907 

4540 

1*550 

460 

Lard oil . 

922 

815 

163 

77 

Tallow oil. 

917 

390 

196 

88 
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An oil that will act as a first class lubricant on cool 
journals is often perfectly useless for hot work, such as 
lubricating steam cylinders, and Table XXX. has been 
prepared so that an idea of the variation in viscosity 
due to changes in temperature may be formed. 

Melting Point. 

The melting point of a wax is the temperature at 
which the wax changes from the molten to the solidified 
condition, and the determination of that temperature is 
generally made by taking advantage of the latent heat 
of solidification in the following manner. An ounce or 
so of the melted wax is poured into a glass or metal 
vessel and slowly stirred with a thermometer; the tem¬ 
perature of the wax’ will constantly and gradually 
diminish until the wax commences to solidify, and 
shortly after solidification has commenced it will be 
noticed that the temperature will remain perfectly 
stationary for the space of a minute or two, and that 
temperature is recorded as the melting point of the wax. 
After the wax has given up its latent heat of solidifica¬ 
tion the temperature again starts to fall and continues 
falling until the temperature of the surrounding atmo¬ 
sphere is reached. The same results are obtained 
whether the vessel containing the wax is moved while 
the thermometer remains stationary, or the thermometer 
is moved tftid the vessel is stationary. This method has 
been in use in England for the past fifteen or twenty 
years with the greatest possible success, and melting 
points determined by it do not usually vary more than 
a quarter of a degree F. between different operators. 
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In determining the melting point of stearine it will 
be noticed that the temperature will remain stationary 
for a short time and then start to rise, and after rising 
anywhere from 3° to 15° F. (according to the gradii of 
the stearine) will remain stationary for some tinu- })ef()re 
starting to fall again. The melting point in ibis ease 
is the temperature recorded after the mercury column 
has finished r'mmj. 

In the manufacturing liusiness it is constantly 
necessary to mix waxes of difterent melting points in 
order to supply the special melting point waxes often 
called for. There is no difficulty whatever in calculating 
the quantities of any two or more waxes of known 
melting points necessary to give a wax of any inter¬ 
mediate point, and the calculations are made as follows:— 

Suppose 1000 lbs. of 11G-|° melting point wax 
were wanted, and that the melting points of the waxes 
in stock were 120 and 115. Then, 116-} — 115 = 1}, 
and 120 — 116} = 3}, it will be necessary to mix the 
waxes in the proportion of 1} parts of 120 and 3,j parts 
115 melting point, or, 300 lbs. of the former to 700 lbs. 
of the latter. 

In the manufacture of candles stearine is often, and, 
in fact, generally, used in admixture with the wax, but, 
in this case, the melting point of the mixture of wax 
and stearine cannot be calculated, as stearine has the 
peculiar property of lowering the melting po'mt of the 
mixture to, in .certain cases, even below the melting 
point of either of the ingredients used. Therefore Tables 
XXXI. to XXXVI. have been prepared (and are the 
results of many careful determinations) in order to 
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enable those who require mixtures of wax and stearine 
of certain melting points to make the mixtures without 
going through the laborious process of determining the 
necessary proportions by making up “ trial mixtures.” 


Table XXXI. 

Melting Point of Wax used = 102° F. 
„ „ Stoarino used = 121° F. 


Percentage of 

Melting Point 

Percentago of 

1 MeUing Poiut. 

Wax. 

Stearine. 

Wax. 

Stearine. 

90 

.10 

100 

40 

CO 

° F. 

Ill 

80 

20 

98i 

30 

70 

113i 

70 

80 

100 

20 

80 

117^ 

CO 

40 

104i 

10 

90 

119 

fiO 

50 

llOi 


1 

1 

1 

1 


Table XXXIL 

Molting Point of Wax used = 120° F. 
„ „ Stearine used = 123° F. 


Percentage of 

Melting Point. 

Percentago of 

Molting Point. 

Wax. 

Stiarine. 

Wax. 

stearine. 

90 

JO 

°F. 

118 

-tfl 

CO 

0 

■109 

80 

20 

llCi 

30 

70 

113 

7(i 

80* 

114 

20 

80 

118i 

CO 

40 

112 

10 

90 

nn 

50 

50 

no 

1 

1 

! 




f 
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’ Table XXXIII. 

Melting Point of Wax UBcd = 1201° F. 

„ „ Stearine used = F. 


Percentage of 


Percentage of 


Wax. 

_1 

Stearine. j 

i 

Melting Point. 

^ F. 

Wax. 

1 Stearine. 

Melting Point. 

“F. 

90 

10 

118J 

40 

00 

118f 

80 

20 

IICJ 

30 

70 

122 

70 

30 

114i 

20 

80 

121^ 

CO 

40 

1121 

I 10 

110 

127 

50 

■ 50 

113 ' 

1 

! 

' 




Table XXXIV. 

Melting Point of Wax used = 125° F. 
„ „ Stearine used = 121° F. 


Percentage of 


|j Percentt^e of ^ 


Wax. 

Stearine. 

Molting Point. 

'i Wax. 

1 

Stearine. 

1 Melting Point. 



° P. 


1 

°F. 

90 

10 

123 

40 

I CO 

in 

80 

20 

121 

30 

70 

107 

70 

30 

119 

20 

80 , 

114 

60 

60 

40 

50' j 

117i 

114 

10 

1 1 

90 

117 
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Table XXXV. 

Melting Point of Wax used = 130° F. 

„ „ Stearine used = 121° P. 


Percentagt! of 

Melting Point. 

Percentage of 

Melting Point. 

Wax. 

Stoiirino. 

i Wax. 

Stearine. 

! 

1)0 

10 


‘ 40 

1 

1 

GO 

0 

114 

80 

20 

125i 

. ao 

70 

109 

70 

;!0 

123 

I 20 

80 

115 J 

00 

40 

121 ■ 

10 

1)0 

118 

50 

; 50 

118J 

li 




Table XXXVI. 

Melting Point of Wax used = 132J° F. 
„ „ Stearine used =129|°F, 


Porcontuge of 


Percentage of 


- - - 

-; 

Melting Point. 


1 

Melting Point. 

Wax. 

Stearine. j 


Wax. 

Stearine, 




'>F. 



0 

90 

10 

130^ 

40 

60 

1173 

80 

•20 

1281 

30 

70 

119i 

70 

39* 

126|t 

20 

80 

1254 

60 

40 

124i 

10 

90 

127J 

50 

50 

121 
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Oil in Wax. 

It is practically impossible to press a cooled mixture 
of oil and wax so as to obtain a crude scale that is 
entirely free from oil, and as a consumer does not wish 
to buy oil at the price of wax, he is naturally desirous 
of knowing how much oil the crude wax he is buying 
contains. 

The percentage of oil in wax is determined by 
taking 500 grains weight of the powdered wax at a 
temperature of 60° F. and (after placing it l)ctween two 
pieces of linen and four pieces of blotting paper and 
enelo.sing the whole in an iron ring (SJ inches inside 
diameter) into whiti a piston snugly fits, .subjecting it 
to a pressure of 5 cwt. (560 lbs.) per scpiare inch for 
a space of five minutes. The loss that the wax sustains 
by being subjected to this treatment is called “ oil.” 

Some crude waxes contain a certain amount of dirt 
and water. 


Diet in Wax. 

The percentage of dirt should be determined by 
melting a pound weight of the wax in a large beaker and 
then adding twice its volume of 725 specific gravity 
naphtha. The naphtha solution is then to be filtered 
through a tared paper filter, the beaker thoroughly 
washed with fre.sh supplies of naphtha and the washing 
thrown into the filter, and, finally, the filter and any 
residue that remains in it are to be washed four or five 
times with the 720 naphtha, and then given a last wash 
with gasoline. After being dried for three or four hour^ 
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at a temperature of 200 F. the filter must he allowed 
to cool and then be re-weighed ; ai.y increase in weight 
represents the quantity of dirt present in the wax. 

Water in Wax. 

In order to determine the per cent, of water, one 
pound of the wax should be melted and poured into a 
conic,al shaped copper still, and the top of the still 
should be closed by a cork to which is fitted a bent 
glass delivery tube about 2 feet long. The still is then 
gently heated until nearly all the water has distilled 
off, and then tlxe temperature should be raised to about 
250'’ F. and xnaintained at that until the water ceases 
to drop from the end of the delivery tube. The water 
having been caught in a tared beaker is weighed and 
the percentage calculated. 

A suitable still for this purpose is one made of 
-J-inch thick copper, having a diameter of 7 inches at 
the bottom and 1 inch at the top, and a perpendicular 
height of 1) inches. It is better to have the bottom 
dished ^ or I an inch. 

Burning Oil. 

The burning oil products should of course be regu¬ 
larly testc^l photometrically, and, in the event of an 
outsider’s oil being sent for duplicatiqp, it is also neces¬ 
sary to determine, besides the specific gravity, flash, &c., 
whether the oil has been finished with a distillation or 
treatment. This determination is usually easily made 
•by simply placing one’s ear close to the side of the 
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burner while the oil is burning in a lamp, and if a slight 
crackling sound is heard it is a sure indication that the 
oil has been finished by a treatment, whereas if no such 
noise is heard it is an indication that the oil was finished 
with a distillation. 

The comparative illuminating power of various 
fractions from the third stage oil stills is given in 
Table XXXVII. 

Table XXXVII. 


SiKJcific Gravity 
of Fraction. 

llluiiiinating Power 
in Standard 
Caudles. 

Slieoific Gravity 
of Fraction. 

Illuminating Power 
in Stantterd 
Candles. 

1 

From light oil stills. 

816 

16-50 

761 

12-20* 

818 

16-55 

764 

20-70 

From ben 

ivy oil stills. 

768 

19-90 

801 

19-22 

774 

19-25 

805 

20-24 

779 

18-94 

814 

18-41 

784 

20-00 

818 

16-70 

791 

18-90 

823 

16-40 

794 

19-40 

830 

16-.54 

798 

j 18-60 

835 

15-80 

804 

19-40 

840 

t 

811 j 

i 

17-00 

i 



♦ Too light to bum well. t Would aot burn in lamp. 


Compounded or Mixed Oils. 

Both burning and lubricating oils of mineral origin 
are often mixed or “ compounded ” with “ fatty ” (veger 
table or animal) oils, rosin oils, mineral compounds and 
sometimes with paraffin wax. 
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Wax Admixture. 

The presence of wax is easily detected and the 
quantity estimated by cooling and pressing a small 
quantity of the oil. 


Fatty Oil Admixture. 

Fatty oils are readily detected by boiling quarter of 
an ounce or ,so of' the oil with alcoholic soda * for 
twenty to thirty seconds in a large test tube. If as 
little as 2 per cent, of fatty oil be present, the mixture 
will become a gelatinous mass on cooling ; and if larger 
percentages are present the mixture will become gela¬ 
tinous or even solid while hot. 

When the presence of a fatty oil has been detected, 
its quantitative determination may be quickly made by 
taking 50 grains weight of the oil, mixing it with about 
500 grains of silver sand, and then adding an excess of 
alcoliolic soda and evaporating, with constant stirring, 
over a water bath until all smell of alcohol has been 
discharged. The mass is then to be thrown into a filter 
and washed with small successive quantities of gasoline, 
ether or other very volatile solvent, until a small drop 
of the filtrate ceases to leave any oil stain after being 
placed on a watch-glass and evaporated. The soap 
produced by the saponification of the fatty oil by 
the soda is* unaffected by the gasoline, &c., while the 
mineral oil is quickly washed from the sand and finely 
divided particles of soap, and, the total filtrates having 
Saturated aolntion of caustic soda in absolute alcolioL 



232 MINERAl OILS AND BY-PRODUCTS. 


been placed in a tared flask and the solvent (gasoline, 
&c.) slowly evaporated, the amount of mineral oil is 
determined by weighing, and the difference between its 
weight and the weight of the quantity operated on gives 
the amount of fatty oil. 

The reason for adding sand to the original oil is to 
prevent the soap from forming in a mass, and the 
constant stirring of the oil, sand .and alcoholic soda 
during evaporation helps to ensure the particles of soap 
being in a fine state of division. 


Rosin Oil Admixture. 

The presence of rosin oil is best detected by vigor¬ 
ously rubbing a small quantity of the oil between the 
palms of the hands and then quickly smelling it. 


Mineral Compounds Admixture. 

In order to determine whether a mineral compound 
is present in the oil, it is necessary to take a small 
quantity (about 25 to 30 grains) of the oil and heat it 
in a platinum crucible until the whole of the volatile 
matter has been burnt and the resulting coke consumed. 
If any asbj ggc mains it is undoubtedly the mineral 
adulterant that the oil hfis been “ thickci^cd ” with. 
The mineral “ thickeners ” that are most commonly used 
are the stearates or oleates of alumina and lead, but 
the nature of the mineral can, of course, be easily 
determined by testing the above ash. 
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Testing Ammonia Water. 

The ammonia water from the retorts, and also the 
spent water from the ammonia stills should be daily, or 
even more frequently, tested. 

In order to he able to make the determination of 
the amount of ammonia contained in these waters 
quickly and accurately, rmthol oramje should be used 
as an indicator, because it is neither affected by the 
carbonic acid or sulphuretted hydrogen contained in the 
water. The strength of the water from the old vertical 
and the Henderson retorts could be accurately deter¬ 
mined by merely adding a few drops of methol orange 
to 50 c.c. of the water and titrating with a standard 
normal solution of sulphuric acid; but, when the 
Young and Beilby retorts came into use, it was found 
that the actual yield of sulphate of ammonia was far 
short of what the laboratory determinations showed it 
ought to be. Careful investigations disclosed the fact 
that the Young and Beilby ammonia water was rich 
ip oily bases, and the standard acid being neutralised 
by these bases caused the laboratory determinations 
to point to the presence of more ammonia than was 
actually present in the water. 

As the bases were present as carbonates and sul¬ 
phides they could not bo removed until they were set 
free, and therefore it was necessary to add sufficient 
soda to neutralise the carbonic and sulphurous acids 
that held the bases in combination, in order to set the 
latter free, consequently the method adopted for testing 
Young and Beilby ammonia waters is to 
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Take 100 c.c. of the water, and add 25 c.c. of a 
standard noraial caustic soda solution, and 50 c.c. of 
refined naphtha, and shake the mixture vigorously for 
three or four minutes. This treatment results in the 
bases being set free by the soda, and taken into solution 
by the naphtha, and after the mixture has settled for 
five or ten minutes, 10 c.c. of the water are drawn off' 
and titrated with acid as above—allowance being made, 
of course, for the standard soda solution that was added 
to the water. 

Testing the water in this manner resulted in the 
usual agreement between laboratory and works—results 
which always differ to the extent of half a pound of 
sulphate of ammonia per ton of shale—that amount 
being the manufacturing or working loss. 

Testing Sulphate op Ammonia. 

Commercial sulphate of ammonia usually contains 

24 per cent, of ammonia (N Hs) as against the theo¬ 
retical possibility of 25| per cent. 

The strength is determined by placing, say, one 
gramme of the sulphate in a glass flask fitted with a 
safety funnel and a delivery tube, which latter dips 
beneath the surface of a standard sulphuric acid solution 
contained in a conical beaker. 50 c.c. of water and 

i 

25 C.C. of a 64° Tw. caustic soda solution are now run 
into the flask through the funnel, and heat is applied. 
After the contents of the flask have been gently boiling 
for half an hour, the cork holding the funnel and 
delivery tube is loosened sufficiently to allow a little 
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of the steam to escape against a piece of moistened 
turmeric paper, and if the latter turns brown the boiling 
is continued until the steam causes no discoloration 
when brought in contact with the moistened paper, 
and which is evidence that the whole of the ammonia 
has been driven over into the acid. The amount of 
acid neutralised is determined by titration with a normal 
soda solution, and the percentage of ammonia contained 
in the sulphate is caleulated from the results. 


Sulphate of Ammonia Liquor. 


The variation in gravity of sulphate of ammonia 
liquor due to temperature is given in Table XXXVIII. 


Table XXXVIII. 


Tumpcratiiro, 
Dcgrci^ Fohr. 

Gravity in 
Degroea Twaddell. 

Temperature, 
Degrees Fahr. 

Gravity in 
Degrees Twaddell. 

40 

00 

130 

43f 

50 

47| 

140 

43 

CO 

471 

150 

42i 

70 

46| 

160 

42 

80 

4Ci 

170 

411 

90, 

46 

180 

40* 

100 

46i 

190 

40 

110 

44| 

200 

39i 

120 

44J 
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Determination of Boiling Points. 

Tlic boiling point of an oil is the temperature at 
which the vapours form and pass off to the condenser. 
As the temperature of the vapours continually rise as 
the distillation progresses, and as the boiling point can 
only be determined by noting the temperature at tlie 
moment that the first drop of distillate forms, it is 
obvious that any variation in the distance between the 
outlet of the still and the point where the first drop of 
distillate can be seen, will result in a corrosponding 
variation in the boiling point noted. For instance, if 
the distance between the still and the point where the 
distillate can first be seen is G inches in one case, and 
24 inches in another, it is plain that by the time the 
distillate has travelled the distance of 24 inches the 
temperature of the vapours in the still will be higher 

than when the dis¬ 
tillate had travelled 
only G inches ; and, 
for that reason, it 
is necessary that 
a standard size of 
still and connections 
should be adopted. 
The Lighthouse Gom- 
missioners use the 
form and size of glass 
still shown in Fig. G4, in determining the boiling point 
of oils supplied them—these stills can be easily made or 
supplied by dealers in scientific glass instruments. 
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The thermometer A (Fig. 64) is fastened in the 
fractionating tube B by the cork C, so that its bulb is 
exactly in the centre of the tube B, and so, also, that 
the top of the bulb is level with the top of the delivery 
tube D. The delivery tube D is inserted into a glass 
Liebig’s (!ondenser, and secured by a cork so that 
I 2 inch of the tube projects past the cork. 

After the still has been half filled, heat is to be 
applied gently, but must be suificiont to cause a 
thorough ebullition, and as soon as the first drop of 
distillate is seen to fall from the end of the tube 1) the 
temperature is noted, and that temperature is the 
boiling point of the oil. 

In determining boiling points, as also in fraction¬ 
ating oils, the heat applied to the still should only be 
sufficient to cause the di.stillate to drop from the con¬ 
denser, and should never be so great as to cause a 
distillate to run in either a continuous or intermittent 
stream. 


Purification of Crude Oil. 

The company that produces its own, as well as the 
company that buys its crude oil, should have frequent 
laboratory purifications made of the oil to see whether, 
in*one case, the shale is still yielding the same quality 
of oil, or, in the other case, the supply of purchased 
crude oil*is keeping up to the contract standard. 

The apparatus necessary for this work is inexpen¬ 
sive and consists of;— 

A copper still (Fig. 65). 

A straight tube condenser. 
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An inverted leg-vise for “ hard ” pressing wax. 

A “ soft ” wax press (Fig. 63). 

A set of metric measuring flasks, and a few glass 
stoppered bottles, beakers, &c. 

The still shown in Fig. 65 consists of the body A 
(made of inch thick copper), into the top of whic)i 



fiG. 65. 


is brazed the threaded ring 
B. The cover (1, which is 
, threaded so as to screw 
into B, is provided with 
the two slightly tapered 
holes D and E, whieh 
latter must be carefully 
reamed out so that the 
taper exactly corresponds 
with the taper of the brass 
plug F, and brass fractiona¬ 
tion tube G. The centre 
of the cover should be 
provided with the square 
projection H, so that, after 
the still has been cleaned 
and the asbestos gasket I 
put in place, the cover can 
be tightly screwed down by 
applying a wrench to the 
projection on the cover. 


while the body of the still is firmly grasped in both hands 
by an assistant. The fractionation tube having been 
firmly pressed into its tapered hole, and the still having 
been charged through the plug hole, and the plug 
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inserted, is then placed in a suitable iron ring stand, 
and the distillation effected by means of either a large 
(1-inch diameter) Bunsen burner, or a 3-inch solid 
flame Fletcher burner. 

The condenser may be conveniently made on the 
principle of an ordinary Liebig’s condenser, the water 
space being formed by a galvanised iron jacket sur¬ 
rounding a |-inch copper pipe 3 feet long. About 
6 inches of this pipe should project past each end of 
the jacket. 

The inverted vise is used by wrapping up the 
material to be pressed in a piece of linen and then in 
canvas, and having placed it between two iron plates 
(6 inches long by 4 inches wide and | inch thick) the 
whole is held between the extended jaws of the vise, 
and then the latter slowly brought to bear on the 
plates. The expressed oil is caught in a tray or other 
suitable vessel placed directly under, and as near to the 
plates as possible. 

The “ soft ” wax press in intended for the purpose 
of enabling oils of low cold test to be obtained. Its 
construction is shown in Fig. 66, and the only parts 
that need special explanation are the plates A and B, 
which are best constructed of cast iron and are hollow. 
Th® space between the two sides a and b is shown in 
the figure as being inch, but if this were reduced to 
I of an hich, and the remaining | of an inch added 
to the thickness of the sides, it would be an improve¬ 
ment. The lugs c enable the plates to slide on the 
press-frame rods, but as it is better for the plate A to 
be immovable, it is secured in its place by the screw d. 
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The cooling medium is circulated through the plates by 
being admitted through the connection e, and discharged 
through /—the cooling medium being conveyed to and 
from these connections through extra strong rubber 
tubing. 



If the Cl ude oil purification is to be made by any 
one who is without the facilities for obtaining cold 
“ brine,” the cooling of the press and also the material 
to be pressed may be advantageously effected by the 
use of liquefied carbonic acid. Cylinders of this acid 
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can be obtained at a reasonable cost, and the contents 
of one cylinder would be sufficient to enable many cold 
pressings being made. 

As the temperature at which the crude oil is 
measured should be about 100° to 150° F., and as the 
temperature of the various products when measured 
ranges from 50° up to 150° F., it is necessary that allow¬ 
ances in volume for variations in temperature be made 
in all cases. The coefficient of expansion is not exactly 
the same for both light and heavy oils, but the differ¬ 
ence is so small that an allowance of 1 per cent, in 
volume for every 25° F., is sufficiently correct for 
practical purposes in all cases. 

Supposing the still to be ready for charging, and 
that the temperature of the litre (1000 c.c.) of crude 
oil is 145° F., then:—145°— 60° = 85° above the 
standard temperature, and 85 -r 25 = 3'4 per cent, 
more oil must be added, or, in other words, the still must 
be charged with 1034 c.c. of crude oil at a temperature 
of 145°!'., in order to equal 1000 c.c. at 60° F. 

The distillate should run from the condenser in a 
constant but very small stream, and when 75 per cent, 
of the oil has distilled off, the water in the condenser 
should be allowed to heat up. When the distillate 
re^hes an almost black-red colour the supply of heat 
should be shut off, and any distillate from that time be 
collected separately and designated chrysene. 

The mafin portion of the distillate (which from a 
good crude oil will be equal to about 94 to 95 per cent 
of the crude oil charged into the still) having been 
measured (and allowance for temperature made) and its 
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specific gravity having been determined, it is placed in 
a bottle, and after being cooled to about 100° to 120° F. 
is to be shaken for fifteen minutes with 5 per cent, of 
148° Tw. acid. It must then be allowed to settle for 
eight hours at a temperature of 100° F., and having 
been decanted into a clean bottle (so that aU the oil 
and no acid tar is obtained) it is to be shaken for five 
minutes with an excess of 65° Tw. caustic soda solution 
and settled for about two hours at a temperature of 
about 100° F. The clear oil having been thoroughly 
separated from any soda tar is now to be measured, and, 
its specific gravity having been determined, charged into 
a clean still. 

In making the following (second) distillation it is 
customary to introduce steam into the still by replacing 
the plug (F, Fig. 65) by a cork through which passes a 
piece of brass tubing that is continued to the bottom of 
the still, and is connected on the upper end by a piece of 
rubber tubing to a flask or can of boiling water. The 
rubber tube should have a -^’j-inch hole in its side, 
tlirough which it can draw air in the event of the supply 
of heat to the steam generator being accidentally with¬ 
drawn. This hole will result in more or less escape of 
steam, but if it is not provided and the steam generator 
should by some unforeseen cause cool down, it will result 
in a vacuum that will draw the hot oil from the still 
over into the steam generator, and if any water is left 
in the latter it will be liable to cause a violeat explosion, 
not to speak of spoiling the work that has been so far 
accomplished. 

The distillate from the start of the distillation until 
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the bulk specific gravity reaches 750 constitutes naphtha, 
and its volume generally ranges between 1 and 5 per 
cent, on the crude oil. After the naphtha is off, another 
receptacle is placed to receive the distillate, and the 
steam should then be admitted to the still. This 
second fraction of the distillate is 1st stage burning oil, 
and should be run until a drop of the distillate from 
the condenser worm or pipe shows wax when placed on 
a cool (35° F.) surface, and as soon as that point is 
reached the distillate is to be caught in another re¬ 
ceptacle, which must be capable of holding the rest of 
the distillate. The third fraction is “ heavy oil,” and 
consists of all the oil from the last named point, down 
to the coking of the still. 

After all the water has been separated, the two last 
fractions are to be carefully measured and, after their 
specific gravities have been determined, the “ heavy oil ” 
fraction is to be placed on one side while the burning 
oil fraction is to be treated with 2 per cent, of 170° Tw. 
acid and an excess of 65° Tw. caustic soda, and then, 
after the determination of the specific ‘gravity and 
volume, it is to be subjected to another distillation 
aided by steam. 

^Tliis time the distillate is to be taken off in two 
fractions; the first consists of the oil from the start 
until thejbulk specific gravity reaches 810, or, if the oil 
taken from the condenser end and cooled (as above) 
shows wax before the bulk specific gravity is 810, the 
fraction consists of the oil from the start until the first 
trace of wax begins to show. In either case, this frac¬ 
tion is termed “ burning oil.” The second fraction 
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is the oil run from the above point, to the end of the 
distillation, and is termed “ heavy oil.” 

'J’hc two fractions are to be measured, &c., and the 
bunung oil one placed on one side while the other is to be 
mixed with the heavy oil from the previous distillation, 
and the mixture allowed to cool slowly to a temperature 
of about 50° F. 

Supposing the mixed heavy oils have been cooled 
over night, the now solid mass is cut into pieces of a 
suitable size and pressed in the “ vise.” In doing this 
work it is unwise to attempt to press too much at a 
time, and the mass should rather be pressed in four or 
five separate portions until almost free from oil, and 
tlicn these pressed portions should be mixed and sub¬ 
jected as one to a final pressure for five or six hours. If 
this pressing is carefully done a final pressure of the 
equivalent of 140 lbs. hung on the end of the vise handle 
(3 feet long) can be exerted without bursting the cloth 
containing the wax. 

This operation being completed and the “ hard ” 
wax placed ftn one side for the present, the expressed 
oil or “ hard squeezings ” are measured, &c., and then 
cooled to 15° to 20° F. and pressed in the soft wax 
press. The “soft” wax resulting from this pressing 
is placed on one side, and the “ soft ” squeezings, after 
being heated to 70° F., measured, &c., are placed in the 
still together with about 200 grains of solid caustic soda, 
and distilled with the aid of steam, and thre distillate 
should be caught in 50 c.c. fractions and the order of 
the fractions carefully marked on the receptacles. 

Supposing that the burning oil from the previous 
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distillation had only been run to a bulk specibc gravity 
of 803, it will now be necessary to add fractions (start¬ 
ing with No. 1) from this last distillation until the 
bulk specific gravity of the burning oil has been in¬ 
creased to 810. That having been done, it is necessary 
to now take the last fraction and (working backwards) 
add the preceding fraction to it, and so on until an oil 
of 888 bulk specific gravity is obtained; the resulting 
oil will be untreated lubricating oil. Should any 
fractions or part of a fraction be left over it must be 
measured, specific gravity taken if the quantity is large 
enough, and be reported as “ Intermediate ” oil. 

The 810 specific gravity burning oil is now to be 
treated with 3 per cent, of 170° Tw. acid and 4° Tw. 
caustic soda, and then constitutes refined burning oil. 

The untreated lubricating oil is treated with 3 per 
cent, of 170° Tw. acid and 4° Tw. caustic soda, and then 
reported as Finished Lubriaiting Oil. 

The waxes from the “vise” and “soft wax press” 
are weighed (separately) and the weights divided by 
•81 (to convert them into volume), and the melting 
points and percentage of oil having been determined, 
the waxes are respectively reported as Hard and Soft 
Crude Scale. 


Reporting Results. 

In calculating the percentages, &c., prior to filling 
up a reponfc, it is always necessary to make a few other 
calculations also, for the reason that in a laboratory 
purification it is impossible to press the heavy oils, &c., 
without losing a comparatively large amount of oil due 
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to absorption by the press cloths, &c. &c. On the 
working scale this loss is small owing to the cloths, &c., 
being in constant use, and only absorbing a very small 
amount of oil compared with the amount that is passed 
through them. For laboratory work it is usual to argue 
that no oil is lost by the pressing process, and there¬ 
fore we will suppose that the percentage of mixed 
heavy oils before pressing was 45, and that after press¬ 
ing 7 per cent, of hard wax and 34 per cent, of hard 
squeezings were obtained. This would give a total 
of (34 -b 7 =) 41 per cent, as against 45 per cent., or 
a loss of 4 per cent. 

The 34 per cent, of hard squeezings after being soft 
pressed, we will suppose, gave 4 per cent, of soft wax 
and 28 per cent, of soft squeezings, or a loss of 2 per 
cent. 

The above figures show that the hard squeezings 
should have been equal to (45 — 7 = ) 38 per cent, and 
therefore if 34 per cent gives 4 per cent, of soft wax, 
38 per cent, would give (34 : 38 :: 4 =) 4 • 47 per cent of 
wax. The percentage of soft squeezings obtained was 
28, but 4 (= per cent, of soft wax) deducted from 34 
(= per cent, of hard squeezings) gives 30 per cent, if no 
loss takes place, and therefore if 34 per cent gives 30 
per cent, 38 per cent, would give (34 : 38 ;: 30: =) 
33'53 per cent of soft squeezings. These calculations 
must be carried out for the squeezings treatment, and 
for the burning oil, intermediate oil and lubricating oil 
from the last distillation. 

The following is a most convenient way of reporting 
the results of a laboratory purification. 



REPORTING RESULTS. 


HI 


Pwijicaiion of, ....... crude oil 


RfloV 

ume. 


Grade oil. 

Oiicc-run oil . . . . . • • • 

„ „ after treatment with 5 per cent, acid (148°\ 

Tw.).I 

No. 3 oil, after treatment with, excoae of caustic soda) 

((15° Tw.)./ 

No. 4 oil, after distillation:— 

Naphtiia. .. 

Burnln^r oil (1st stage). 

UeoTy oil. . 

Burning oil:— 

Ibt stage burning oil (No. 6),after treatment, 2 per cent.) 
acid (170° Tw.), and excess caustic soda (05° Tw.) / 
No. 8, after distillation;— 

Burning oil. 

Heavy oil. 

Burning oils (Nos. 9 and 16), after treatment, 3 per cent.) 
acid (170° Tw.) and excess caustic soda (4° Tw.). / 

Heavy oils (Nos. 7 and 10) cooled to 50° F.and pressed:— 
Hard crude wax, M.P. . . ., containing ... per cent) 

of oil./ 

Hard squeezings. 

No. 13 cooled to 20° F. and pressed:— 

Soft crude wax, M.P...., containing ... per cent, of oil 

Soft squeezings. 

No. 15 oil after distillation off caustic soda:— 

Burning oil. 

Intermediate oil. 

Untreated lubricating oil. 

No. 18, after treatment, 3 per cent, acid (170° Tw.)) 
caustic soda (4° Tw.)./ 


Fikishei) Products. 


Naph'tha (No. 5). 

Burning oil (No. 11). 

Intermediate oil (No. 17). 

Hara and soft crude wax (Nos. 12 and 14) M.P. 
(calculated). 


FinUlwd lubricating oil) No. 19) } 


Signature' 
Dale . 
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Distillation versus Treatment. 

It will be remembered that it was stated under the 
heading “Refining” that the crude oil purification 
started with a treatment, gave a lower yield and no 
better quality products than a purification started with 
a distillation. The truth of that statement can be seen 
by referring to Table XXXIX., in which is also shown 
the result of distilling the crude oil off caustic soda. 

Table XXXIX. 


Porifioation Started. 


Finished Product 

By Distillation 

1 in usual 
manner. 

By an Acid 
and Soda treat¬ 
ment. 

' By Distillation 
od Solid Caustic 
Soda. 

Sp. Gr. 

Percent 

Sp. Gr. 

Percent. 

Sp. Gr. 

Percent 

Naphtha . 

Nil 

NU 

Nil 

Nil 

Nil 

Nil 

Burning oil 

811 

33-66 

811 

31-26 

811 

32-51 


M.P. 


M.P. 


M.P. 


Hard and soft waxes . 

iiir 

11-45 

IlOf 

10-30 

1191° 

11-50 

Lubricating oil 

885 

22-02 

885 

19-12 

885 

22-62 

Intermediate oil 

858 

5-95 

861 

7-90 

852 

9-04 

j Total . . 

1 


73-08 


68-58 


Ih-N’ 


The distillation off caustic soda not only results in a 
larger yield of finished products of excellent quality but 
also allows of the crude oil being directly fractionated in 
naphtha, burning oil and heavy oil (No. 5, 6 and 7 of 
the purification Reporting form), and thus does away 
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with the acid and soda treatments and distillation of the 
once-run oil. This method of working of course results, 
by the usual method of recovering soda from coke, in 
the loss of coke for fuel, but the loss would be small 
compared with the saving eliected by doing away with 
the once-run oils treatments and distillation, and, be¬ 
sides, there is no reason why a still furnace could not 
be constructed so as to consume soda coke so that 
sufficient heat would result to distil the oil, and at the 
same time the ashes containing the soda could be saved 
and the soda recovered. 


Diffeeencp:) between Laboratory and Works 
Results. 

The yield of finished products obtained on the 
working scale is usually 3 or 4 per cent, less than that 
obtained on the laboratory scale, and is due princi¬ 
pally to insufficient condensing capacity—whereby a 
large amount of oil passes into the atmosphere in the 
form of vapour. 

Aixalysis of Crude Oil Coke. 

The average composition of the coke from the crude 
oil stills Is:— 

Carbon .... 97-96 per cent. 

Sulphur .... 0-26 J„ 

Ash (earthy matters) . . 1-18 „ 

Total . 


. 100-00 
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Analysis of Gas from Henderson Retorts, 


Specific gravity (air = 1) O'250. 


Composition:— 
Olefiant gas 
Marsh „ 
Hydrogen . 


2'19 per cent. 
34'20 „ 

64-44 „ 


Total . . 100-83 


Amlysis of Sacliny or Canvas used in the Pressing 
Department. 

Hemp and flax sacking is often adulterated or 
cheapened hy an admixture of Phormium tenax, and, 
in order to detect the presence of the latter fihre, the 
warp and the weft of the sacking are separately moist¬ 
ened with chlorine water and then a few drops of aqua 
ammonia are added. If Phormium tenax is present it 
will turn a violet red, while the hemp will turn a pale 
r(»e-pink and the flax will remain colourless. 


Specific Gravity of Waxes. 

Table XL. gives the specific gravities of' difierent 
melting point waxes at various temperatuj.-es. This 
table was compiled by the Author, and first published in 
the ‘ Journal of the Society of Chemical Industry. 

* Vol. viii. p. 162. 



SPECIFIC GRAVITY OF WAXES. 


251 


Tablb XL. 

t 

Specific Gravity of Multen Waxes. 

Temp.---—-— --- 

° F- M.P. M.P. M.P. M.P. M.P. M.P. M.P. 

iOS” 114° 120i° 122}° 122f° 128}° 138}° 

ICO 770-C9 771-93 773-91 770-79 770-23 775-78 777-23 

165 771-19 773-30 775-31 771-49 771-63 776-53 778-53 

150 773-09 774-73 776-57 773-19 772-83 778-03 780-03 

145 775-09 770-20 777-77 776-19 774-63 779-73 781-53 

140 776-79 777-63 778-47 776-89 776-33 781-33 783-33 

135 778-99 779-53 781-47 778-69 778-43 783-03 

180 780-49 781-13 782-67 780-29 779-73 .. 

125 781-99 783-43 784-41 . 

120 783-59 784-73 . 

115 785-29 . 


Specific Gravity of Solid Waxes. 


M.P. 

106° 

M.P. 

111}° 

M.P. 

120}° 

M.P. 

122}° 

M.P. 

12.')}° 

M.P. 

131° 

875-25 

882-30 

898-95 

901-05 

903-50 

908-65 


Chrysene. 

The tCick, heavy substance that distils over at the 
finish of t^ crude, heavy residuums and soda distilla¬ 
tions, and which has been previously referred to as 
chrysene, is a mixture of that substance with heavy 
oils and tarry matter, and in order to separate the 
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clirysene the mixture must be treated in the following 
way. 

About 2 or 3 lbs. of the hot 200° F. chrysene (as 
made at the stills) are poured into about half a gallon 
of warm 90° to 100° F. relined burning oil, and the 
mixture thoroughly stirred for five or ton minutes, and 
then allowed to cool slowly. After about ten to twelve 
hours the, now, dark-coloured burning oil may be poured 
off very cautiously so as not to disturb the yellowish- 
coloured sediment that will be found at the bottom of 
the vessel. The vessel and its contents having been 
heated over a steam bath to a temperature of about 
200° F., another half gallon of warm burning oil is 
added, stirred and allowed to cool. When this second 
lot of burning oil is decanted it will be noticed that it 
is not nearly so dark in colour as the first lot, and also 
that the sediment has become more disintegrated and 
lighter in colour. The washing process must be re¬ 
peated eight or ten times, or until the decanted burning 
oil ceases to be discoloured, and when that point is 
reached the sediment should be thrown into a large 
funnel lined with a piece of linen, and there washed with 
three or four successive quantities (of about half a pint 
each) of refined naphtha, and then, after being allowed 
to thoroughly drain, it should receive two washing's'Vith 
gasoline. The sediment is now spread on a piece of 
clean linen and allowed to dry, the resulting (Jry yellow- 
coloured powder is pure chrysene. ^ 

No particular use has been found for this substance, 
and it is rather a chemical curiosity than anything 
else. 
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Extraction of Phenols. 

The phenols contained in the soda tar resulting from 
the once-run oil soda treatment, can be extracted and 
purified by— 

First steam about twenty gallons of the tar with 
open steam for three or four hours and then allow to 
settle. In about an hour, more or less parafiin oil will 
have risen to the surface, and after it has been removed 
the tar is to be made very slightly acid by the cautious 
addition of weak (40° Tw.) sulphuric acid with constant 
stirring. Allow this acidulated mixture to settle for 
eight to ten hours and then skim off the crude phenols 
(which have come to the top in the form of a black oil) 
and redissolve them in a slight excess of weak (10° Tw.) 
caustic soda solution, and heat to 150° F. with open 
steam. Allow to stand one hour, and remove any 
traces of paraffin oil that come to the surface, and then 
acidify with weak acid. This process is repeated until 
the soda solution of the phenols ceases to give up any 
paraffin oil, and then the phenols are finally liberated by 
acidification, and placed in a tightly closed earthen or 
glass jar, together with a pound or two of coarsely 
broken fused chloride of calcium. The jar and its 
contents must now be kept at a temperature of 100° to 
120° F. for three or four days, and then the phenols are 
to be carefully decanted into a dry jar containing a 
pound of lyoken fused chloride of calcium, and kept for 
another three or four days at a temperaturo of 120° F. 
or so. The phenols will now be sufficiently free from 
moisture to enable them to be distilled. 
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The distillation of the crude phenols must be started 
very cautiously, as it is practically impossible to entirely 
free them of moisture, and the presence of very little 
moisture will cause them to “ foam ” and boil over. 
The still should be only -^th full, and the heat should be 
applied so that it takes at least two hours to bring the 
still’s contents to the distilling point; and also the top 
of the stUl should be covered with pieces of burning 
charcoal so as to prevent any moisture from condensing 
and dropping back amongst the hot phenols. The 
water that distils over must be carefully separated, 
and, by distilling slowly, the phenol distillate can be 
obtained practically free from moisture. This distillate 
must now be redistilled three or four times off solid 
caustic soda before it will be sufficiently pure for 
fractionation. 

A glass flask or still, and glass condenser should be 
used in fractionating the phenols, because the distillate 
would be more or less discoloured by coming in contact 
with iron or copper. A glass still similar to Fig. 64 
will fill all requirements, and after the distillation has 
started the distillate is run into 4-oz. bottles — one 
bottle being provided for each 10° of boiling point (i.e. 
if the distillation started at 120°, the first bottle would 
be marked, and contain the distillate distilling over 
between 120° and 130°). When all the bottles have 
been filled (by recharging the still a sufficient number 
of times) they are to be arranged in thew order of 
boiling points, and, the still and condenser having been 
thoroughly cleaned, the contents of the bottle containing 
the lowest boiling point fraction is placed in the still 



EXTRACTION OF PHENOLS. 


*55 


and redistilled. The redistillation will result in a 
slightly lower boiling point at the start, and, a certain 
amount of residue being left in the still, but only that 
distillate that comes over between the temperatures 
designated must be run into the bottle (which latter 
must have been previously cleaned). The residue left 
in the still should be placed in a bottle common for all 
the residues, and then the still is to be charged with the 
next higher boiling point fraction, and so on until the 
contents of all the bottles have been redistilled in their 
proper order. 

After the redistillation of the last fraction, the still 
and condenser must be cleaned and then recharged with 
the lightest fraction again, and so on until each fraction 
has been separately redistilled ten to fifteen times, or, 
until the boiling points are constant (i.e. until the 
temperatures at the start and the finish of the distilla¬ 
tion are the same as the figures on the bottle call for). 
Each fraction, as soon as it has been distilled for the 
last time, should be hermetically scaled in a glass tube, 
because the oil quickly oxidises and discolours even if 
placed in corked or glass stoppered bottles. 

The tubes should be marked 

Normal Phenols. 

B.P.° to ... .°F. 

In fritfctionating an oil it is important that the 
rate of distillation should be very regular, and, in 
order to properly regulate it, it is advisable to oc¬ 
casionally count the number of drops ppr minute or 
half minute. 
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Extraction of Oily Bases. 

The preparation of oily bases from the acid tar of 
the once-run oil treatment is effected by, first of all, 
steaming 15 to 20 gallons of the tar for five or six hours. 
The paraffin oil that comes to the surface must be re¬ 
moved and then the acid is to be neutralised by a 
weak caustic soda solution and allowed to settle at a 
•temperature of about 150° F. until the bases have 
separated and risen to the surface. This part of the 
operation can be dispensed with by taking, say, 2 gallons 
of bases from the alkaline cracker boxes (if recovered 
acid is used in the sulphate of ammonia manufacture). 
Whether tlie crude oily bases are obtained direct from 
the acid tar or from the cracker box does not alter the 
treatment to which they must now be subjected, and 
which consists in redissolving the^p in a weak sulphuric 
acid, separating any paraffin oil^ and then liberating 
them again by neutralisation of the acid with weak 
caustic soda solution. This process should be repeated 
four or five times, and after the final liberation the 
bases should be placed in a jar together with 3 or 
4 lbs. of coarsely broken caustic soda, and the jar, having 
been tightly closed, is to be kept at a temperature of 
150° for three days, and occasionally well shaken (Hiring 
that time. At the end of the third day the contents 
of the jar are to be decanted into another jar'containing 
2 lbs. of broken caustic soda, and then ke^t at a tem¬ 
perature of 150° for a week, at the end of which time 
the bases shcuild be sufficiently dry for distillation. 

The process now is exactly the same as that adopted 
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in the case of the phenols. When the fractional distil¬ 
lations are started it will be found that the bases contain 
more or less moisture, and great care must be exercised 
in heating the glass still at the start. The bases 
appear to have a strong affinity for small quantities of 
moisture, and absorb moisture from the air very rapidly, 
and it is therefore a good plan to keep a stick of caustic 
potash or soda in all the receiving bottles for the various 
fractions, as by so doing the bases are prevented from 
absorbing as much moisture as they otherwise would. 

Preparation op Normal Paraffins. 

The normal paraffins are best prepared from 735 
specific gravity naphtha by treating the latter in the 
following way. 

Two gallons of naphtha arc run into a carboy (A, 
Fig. 67) wliich is fitted with a condenser (B) and con¬ 
nection (C) common to the funnel (D) and air inlet pipe 
(E), and placed in the tub (F). After a supply of 
cold water has been turned into the condenser jacket 
and allowed to overflow into the tub F, one quart of a 
mixture of one part of fuming nitric acid and one part 
of strong sulphuric acid is poured into the carboy 
threugh the funnel D, and, having placed a plug (M) on 
the funnel, the mixture of acids and naphtha is to be 
agitated by connecting E with an air blower (Fletcher’s 
foot bellows answer the purpose well). After a few 
minutes’ agitation, the contents of the carboy will com¬ 
mence to heat, and may possibly get sufficiently hot to 
cause the naphtha to distil, and in that case the agitation 
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must be stopped. After tlie action between the acid 
and naph,tha has stopped and the contents of the carboy 
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have cooled down to 70’ to 80° F., 
another quart of the mixed acids is 
to be .poured into the carboy and 
then agitated and cooled as above. 
This operation is repeated until 
2| gallons of the mixed acids have 
been added, and then a final ad¬ 
dition of one quart of sulphuric acid 
is made, and after thorough agitation 
the contents of the carboy must be 
allowed to settle for about ten hours, 
but the water must not be shut off 
from the condenser, because if it is, 
it will result in a considerable Joss 
of light naphtha vapours. 

The contents of the carboy will 
separate into three layers; the 
bottom one will be dark red in 
colour and have a gravity of about 
118° Tw., the middle one will be 
cherry eoh)ured and have a gravity 
of about 15° Tw., while the top one 
w'ill have a I'cddLsh colour .and .^emfic 
gravity of about 755. The top layer 
should be placed in a botfle marked 
“ Impure Normal Pa]*^ffins,” and 


after the addition of half a pound of 


solid caustic goda, should be placed on one side, and 


ocmsionally shaken, for two or three days. This soda, 
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treatment will extract the nitro-compounds formed in 
the previous process. After the oil has heen« carefully 
decanted from the soda it must be shaken with suc¬ 
cessive portions of strong sulphuric acid until the final 
acid treatment fails to discolour the acid, and when that 
point is reached we have pure nornlal paraffins. 


Table XLI. 


Boiliut: 

: Point 

Sjiecific 

Onivity. 

i Ikiilins 

i ^ 

i ■ 1 

i 

\ Point. 

Specific 

Gravity. 


Deforces 

; l)c*u:n“08 

Centigrade. ; 

Degrees 

Fidircnhcit. 


100-110 

212-280 

■708 ; 

, 210-215 

410-419 

•770 

110-120 

280-248 

•709 

21.5-220 

419-428 

•772 

120-1 ■2.') 

248-257 

•714 

; 220-225 

428-487 

•778 

12.')-1.'!0 

257-200 

•720 I 

: 22.5-280 

437-440 

•774 

180-105 

200-275 

•728 : 

■ 280-285 

440-455 

•770 

1,8,5-1-10 

27,5-284 

•788 1 

285-240 

45.5-404 

•778 

140-150 

2S4-802 

•787 ! 

240-245 

404-478 

•7785 

150-100 

802-820 

•712 j 

24.5-250 

478-482 

•7795 

160-105 

820-829 

•747 1 

; 250-25.5 

482-491 

•7815 

105-170 

829-888 

•7.50 

. 25.5-200 

491-500 

•7836 

170-175 

888-847 

•7.52 

1 200-205 

500-509 

•7845 

ITfi-liiO 

817-850 

•7.58 

! 205-270 

509-518 

•787 

180-185 

8*50-805 

•7.5.55 

:: 270-275 

,518-,527 

•788 

18,5-lflO 

,80,5-874 

•7.585 

i 275-280 

527-580 

•790 

' 190-195 

874-888 

•701 

1 280-290 

.580-.5.5.^ 

•793 

19,5-200 

:i88-892 

•705 

' 290-295 

,5,54-508 

1 -797 

200-205 

892-401 

•7005 

29.5-800 

.508-572 

•799 

205-210 

401-410 

•7085 


* 
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The pure paraffins must be neutralised with a weak 
solution of caustic soda, settled about ten or fifteen 
hours, and are then ready for fractionation. 

Table XLI. shows the specific gravities of the 
paraffins after the fractions have been redistilled eight 
or ten times ; and Table XLII. gives the names, boiling 
points and chemical formulae of normal paraffins. 

Table XLII. 


Name. 

Boiling 

Point. 

Chemical 

Formula. 

Octane. 

“C. 

124 

^8^18 

Nonane. 

132 


Decane. 

161 

^10^22 

Dndecane. 

182 

C„H„ 

Dodecane. 

198 

c,A« 

Tridecane . ... 

217 

^13^^28 

Tetradecano. 

238 

CuHao 

Pentadecane. 

258 

^15^32 

Hexadecane. 

278 


Heptadecane. 

298 

^17^36 
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Table XLIII. 

0° Twaddoll and 0° Baume = 1000 specific gravity. 


Equivalent of Twaddell Degrees in Baumd Degrees and Speciflo Gravity. 


Twnd- 

dell. 

Itauine. 

Specific 1 
Sravity. 

Twad¬ 

dell. 

Baume. 

Specific 

Gravity. 

Twad¬ 

dell. 

Baume'. 

Sjiecifio 

Gravity. 

1 

0-7 

1005 

_ 

31 

19-3 

1155 

61 

.33-7 

1305 

2 

1-4 

1010 

32 

19-8 

1160 

62 

34-2 

1310 

3 

2-1 

1015 

33 

20-3 

1165 

63 

34-6 

1315 

4 

2-7 

1020 

34 

20-9 

1170 

64 

35-0 

1320 

5 

3-4 

1026 

35 

21-4 

1175 

65 

35-4 

1325 

6 

4-1 

1030 

30 

22-0 

1180 

66 

35-8 

1330 

7 

4-7 

1035 

37 

22-5 

1185 

67 

36-2 

1335 

8 

5-4 

1040 

38 

23-0 

1190 1 

68 

36’6 

1340 

0 

6-0 

1045 

39 

28-5 

1195 : 

69 

37-0 

1345 

10 

6-7 

1050 

40 

21-0 

1200 

70 

37-4 

1350 

11 

7-4 

1055 

41 

24-5 

1205 

71 

37-8 

1355 

12 

8-0 

1060 

42 

25-0 

1210 

72 

38-2 

1360 

13 

8-7 

1065 

43 

25-5 

1215 

73 

38-6 

1366 

14 

9-4 

1070 

44 

26-0 

1220 


39-0 

1370 

15 

10-0 

1076 

45 

26-4 

1225 

•75 

39-4 

1376 

16 

10-6 

1080 

46 

26-9 

1230 

76 

39-8 

1380 

17 

11-2 

1085 

47 

27-4 

1235 

77 

40-1 

1385 

18 

11-9 

1090 

48 

27-9 

1240 

78 

40-5 

1390 

19 

12-4 

1095 

49 

28-4 

1246 

79 

40-8 

1395 

20 

13-0 

1100 

50 

28-8 

1250 

80 

41-2 

1400 

21 

13-6 

1105 

51 

29-3 

1265 

81 

41-6 

1405 

22 

14-2 

1110 

52 

29-7 

1260 

82 

42-0 

1410 

• 23. 

14-9 

1116 

53 

30-2 

1265 

83 

42-3 

1415 

24 

15*4 

1120 

54 

30-6 

1270 

84 

42-7 

1420 

26 

16-0 

1125 

55 

31-1 

1275 

85 

43-1 

1425 

26 

1^5 

1130 

66 

31-5 

1280 

86 

43-4 

1430 

27 

17-1 

1136 

67 

32-0 

1285 

87 

43-8 

1435 

28 

17‘7 

1140 

58 

32-4 

1290 

88 

44-1 

1440 

29 

18-3 

1146 

69 

32-8 

1295 

89 

44-4 

1445 

30 

18-8 

1150 

60 

33-3 

1300 

90 

44-8 

1450 
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Table XLIII.— continned. 

0 ’ Twadilcll and 0° Baume = 1000 specific gravity. 


Equivalent of Twatldrll Degreca in Baumc Degreew and Specific Gravity. 


Twa«l- 

dell. 

Baumc. 

Specific 

Gravity. 

Twad- 

dcll. 

Baume. 

Specific 

(Gravity. 

Twad- 

dell. 

Baumc. 

Specific 

Gravity. 

91 

45-1 

1455 

121 

51-4 

1605 

1 

! 151 

62-1 

1755 

92 

45-4 

1460 

122 

54-7 

1610 

152 

62-3 

1760' 

98 

45-8 

1465 

123 

55-0 

1615 

153 

62-5 

1765 

94 

46-1 

1470 

124 

55-2 

1620 

154 

62'8 

1770 

95 

40-4 

1475 

125 

55*5 

1625 

! 155 

63-0 

1775 

9fi 

40-8 

1480 

126 

55-8 

1630 

156 

63-2 

1780 

97 

47-1 

1185 

127 

56-0 

1(;35 

157 

63-5 

1785 

98 

47-4 

1490 

128 

56-3 

1640 

158 

63-7 

1790 

99 

47-8 

1495 ' 

129 

56'6 

1615 

159 

64-0 

1795 

100 

48-1 

1500 

180 

56-9 

1650 

160 

61-2 

1800 

101 

48-4 

1505 

131 

57-1 

1655 

161 

64-4 

1805 

102 

48-7 

1510 

132 

57-4 

1660 

162 

64-0 

1810 

108 

49-0 

1515 j 

133 

57-7 

1665 

163 

61-8 

1815 

104 

49-4 

152i 

134 

57-9 

1670 

164 

65-0 

1820 

105 

49-7 

1525 

135 

58-2 

1675 

165 

65-2 

1825 

lOfi 

50-0 

1530 ! 136 

58-4 

1680 

: 166 

65-5 

1830 

107 

50-3 

1535 

137 

58-7 

1685 

167 

65-7 

1835 

108 

50-6 

1540 

138 

58-9 

1690 

168 

65-9 

1840 

109 

50-9 

1545 

139 

59-2 

1695 

169 

06-1 

1845 

no 

51-2 

1550 

140 

59-5 

1700 

; 170 

00*3 

1850 

111 

51-5 

1555 

141 

59-7 

1705 

i 171 

66-5 

1855 

112 

51-8 

1560 

142 

60-0 

1710 

172 

60-7 

1860 

113 

52-1 

1565 , 

143 

60-2 

1715 

173 

67-0 

> 

»—> 

GC 

114 

52-I 

1570 1 

144 

(X)-4 
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1850, October 17. No. 13,292. 

YOUNO, .Jamus. “ Iniprovenuinls in th treatment of certain 
hitumiium mineral enhslancee, and in obtaining products therefrom ."— 
These arc, “the obtaining of paraffine oil, or an oil containing 
jiaraffinc, and paraffine from hituminoiis coals,” by treating them 
as follows: The coals broken into small pieces are put into a 
common gas retort, with a refrigerator kept at about 55“ F.; the 
retort is then “ gradually heated up to a low red heat, at which it 
is to bo kept until volatile ])roducts cease to come off; care must be 
taken to keep the temperature of the retort from rising above that 
of a low red heat, so as to jwevent as much as possible the desired 
products of the process being converted into permanent gas.” The 
coke is then withdrawn, and the retort allowed to cool “below a 
visible red (to prevent the waste of the fresh material to be intro¬ 
duced), may be again charged.” If desired, some of the matters are 
nm from the retort by a pipe “ provided in the anterior and lower 
part of the retort.” Other arrangements for distilling may be used, 
“ but in order to obtain the largest ejuantity of crude paraffine oil 
from coals by means of this process, and produce the smallest 
quantity of permanent gas by the action of the heat employed, 
whatever may be the apparatus used, care must be taken to heat 
the coals gradually, and to ajiply the lowest tomperatme necessary 
,to complete the operation.” The crude oil is hea.ted to separate 
water and .impurities, and distilled ; the distillate is treated with 
sulphuric acid and afterwards with soda, and again distilled. This 
oil is di^illed with water to separate a volatile fluid fit for illumi¬ 
nation, the residue separated from the water is treated with 
sulphuric aoid and afterwards with chalk; this oil may be burnt 
in argand lamps, or, alone or mixed with other oils, is used for 
lubricating purposes. The paraffin may be separated from this oil 
by cooling, filtering it out, and treating it alternately with sulphuric 
acid and soda. 
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1853, February 4. No. 307. 

PERKINS, John. “ ImproreynnitK in the Imitmtnl of certain 
Uhiminoiis mmrnl siiktaw^tt, and (ihtaminij prodtirts therefrom .”'— 
The.so are, “ the obtaining of paraffine oil, or an oil containing 
paraffine, and paraffine from bituminous mineral substances found 
in the coal formation, and known in their resjxictivc localities under 
the name of bas,ses, bl.ack ba-ssos, bats, blacs, greasy blae,s, shining 
blacs, coal .sh.ales, argillo bitumens, or bituminous argils, bituminous 
sandstones, and asphalt coals (not includiTig bituminous coal), yield¬ 
ing bituminous matters by the application of heat” The apparatus 
is of the ordinary character; “a low red heat will be found to be 
the best temperature for getting the largest quantity of paraffine oil 
and the least ((uantity of permanent giis, and napthalino products.” 
The paraffine is obtained fi’om the oil by crystallisation, filtriition, 
treatment by sulphuric acid and washing with water. 

1853, August 23. No. 1957. 

BROIVN, WlLl.lAM. (Provisional protection ordy.) “ yin improved 
mnk of obtainiitg rolntile prodiirk from, hitnmiiions eorih owl other 
hitvjmhiou.'y etih'^iiinrer, —This consists in burning the.so substances 
“in a furn.ico so constructed that the iqipor pmtion of the charge ” 
“ is gradually acted on by the heat evolved from the lower portion 
of the charge, so that the volatile matters ” of “ the uppei’ portion 
of the charge are driven off before such portion has descended 
sufficiently low in the furnace to undergo combustion.” 

1853, December 20. No. 2958. 

WAGENMANN, Paul. “ Imprmenunls in the numnfocture ofJviuid 
hydnmrhom and paraffin.” —These consi.st in breaking “the coals or 
bituminous slate in pieces of about the size of a walnut, and if they 
are very sulphurous,” “ .sjirinkling them with lime water,” and 
drying them in a drying furnace, in preference, parti«ularly con¬ 
structed. The coals or bitumens are distilled in retorts differing 
from gas retorts by having the pipes “ letting out the jroduce of 
distillation ’ on “ the opposite ends to those whore the fire-doors 
arc.” The retorts are so arranged in a furnace that th'o flame from 
one fire is led to the others, so as “ to heat the retorts by a 
graduated heat.” The tar obtained is mixed with a solution of 
.sulphate of iron an.d heat applied to “ 28° or 30° centigrade.” The 
tar is now di.stilled by heat and steam under pressure into the 
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retorts. The distillate is fractionally collected into three products, 
Nos. 1, 2 and 3, according to their gravities, and they are further 
treated, according to their gravity, with certain percentages of 
sulphuric acid and soda and distillation. The paraffin is separated 
from the heavier oil by crysUllisation, and purified by pressure 
treatment with sulphuric acid, &c. 

18.54, March .3. No. 515. 

BROWN, William. (Complete Sjiccification, but no Letters 
Patent.) “An 'imprnvfd mode, of ohlainin-q rolalik jrrodwh frombitu- 
cnnle and oilier hihimhioiix mdiftlancee.” —This consists as 
follows ; Tiistoiul of retorts or such like vessels heated outside, 
“ substituting therefor an air-tight furnace into which the bitu¬ 
minous coaLs,” &K., “ are introduced, and the volatile products 
thereof are disengaged and obtained therefrom ” by moans of fire 
inside .the furnace. The furnace is furnished below with furnace 
bars and a furnace door; at the top of the furmaco is a hopper, 
through which the bituminous coals, &c., are “ introduced into the 
furnace, and at the top of the furnace is also placed a .still head 
for receiving the volatile products when disengaged.” 

185.5, September 18. No. 2107. 

BARRY, riKKUK (JfimidN. (Provisional ju-otection only.) “7m- 
proremi'iita in tmdinij bitiimiiiinte slinle, boi/heiid mineral, and other like, 
.ichiifons huliee, in order to oblnin rarioiin rommereial products therefrom." 
—These are, employing retorts and condensers in the usual way. 
The crude oil is rectified into oils by suliiliuric acid, alkalies and 
distillation. The residue forms with caustic soda a black grease 
named “mineral paraphinized grease.” The paraffin is scjiarated 
from the heavier oils by filtration through bags, “ and submitted to 
pressure.” 

185G, February 28. No. 516. 

BROOMAN, RiciiAiU) Auuiiihald. (A communication from Pierre 
Gedeon Barry.) “ [nipi'oremenls in treaiinij bitmiiinoiis shale, boghead 
mineral, ami other like schistous bodies, in order to obtain rario'iis commer¬ 
cial prvdiids tkerefrom." —These are, in reference to this subject, by 
distilling anti treatment with sulphuric acid and soda of the raw 
oil, and fractionally redistilling the result, obtaining first, “ essential 
oil,” which may be used as a solvent for caoutchouc, ifcc. ; second, 
‘ an oil for lighting purposes ”; third, “ a fatty unctuous oil for 
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mt\vmeiy” •, ioviriii, “a liquid tar for lubricating pur- 
poses” •, ftith, “ a solid tar ”; sixth, “ paraphine, white and 
transparent as sperm ” ; &c. 

1858, May 19. No. 1117. 

KEKNOT, Charuss Middleton. (Provisional protection only.) 
“ Improvemnh in iislilUng shale, boghead, and other mineral matters .”— 
Those arc, having in the upper part of the retort “ two perforated 
plates, between which, when first distilling shale,” &c., are “ jJacod 
powdered coke and sand in layers, through which the evolved 
products pass, and are filtered on their way to the head and thence 
to the condenser.” In re-distilling oils from mineral matters the 
tube to carry away the vapours descends some distance into the 
still, but is above the charge, and has at its upper end a gutter or 
hollow channel to retain the condensed products. In this pipe are 
“two perforated plates, between which are placed (in layers) 
matters suitable for acting on the passing products in chemical or 
mechanical manner.” The matters are “ black oxide of manganese, 
sulphate of iron, chloride of pota.sh, bichromate of potash and others, 
according to the action de.sired to be produced.” 

1860, November 23. No. 2875. 

HUMFEEY, Charles, and HUMFREY, Charles, the younger. 
(Provisional protection only.) “ Intprovenutnts in distilling coal and 
peal and bituminous and coaly minerals, and in the treatment of the 
products therefrom.” —These are, constructing and arranging “the 
retorts in which the decomposition of the mineral is effected in 
such fashion that the bottom on which the mineral is placed is 
heated strongly, while the toj) and sides are kept comparatively 
cold,” and introducing into the same a stream of gas or air, so as to 
“carry off the vapours into the condensers as soon as formed, 
instead of leaving them for a long time in the retort.” Steam may 
sometimes replace the gas or air. 

1861, February 25. No. 486. 

YOUNG, James. “ Improveme-nts in apparatus for the treatment, or 
distillation of bituminous substances.” —A series of vessels^” or chambers 
being placed side by side, or in a circle, or in any other convenient 
position, are first filled with the bituminous coal, or other substance 
to be treated. A jet of steam of the temperature necessary for 
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effecting the distillation is then admitted into the first vessel of the 
series, and passing through the contents of the vessel raises the 
temperature thereof to its own heat, or nearly so, and is then by an 
outlet ])ii)e earned to the second vessel, through the contents of 
which it jKisses, as before, being again carried to the third vessel, 
and so on throughout the series; the oils as they are condensed and 
the condensed steam being withdrawn from tho vessels. After the 
oil has been distilled off the contents of the finst vessel, the steam is 
cut oil' from that vessel and aj)pliod directly to the second ve.ssel; 
the contents of the first vessel are then withdrawn therefrom, and 
that vessel is again filled with bituminous coals, or other substances 
to be distilled, and made the last of the series, and so on, so that 
the process is a contitmous one. Tho permanent gas necessarily 
arising in the process will pass away from the vessel, which for the 
time being is the last of tho scries.” 

1862, March .3. No. .’574. 

BELL, Thomas. (Provisional i)rotection only.) “ Improtemods in 
apjmratiix fur dixtilUng sliak ami other hihmhunis minxrak.” —These 
are, “to facilitate the treatment of large (juantitios of mineral 
rapidly and economically.” There arc “ two or more furnaces, one 
of which communicates with a centr.al vortical flue, having formed 
round it an annular chamber, whilst the other furnaces communicate 
with flues outside, encircling such retort chamber. A pipe or pipes 
arc provided to carry away tho volatile matters, and v.-dved hoppers 
are airauged at the top of tho retort chamber for the introduction 
of tho minerals.” The refuse or waste matters pass oft'by discharge 
tubes. Tho retort chambers arc heated by internal and e.\tcrnal 
flues, heated by separated furnaces or otherwise. Tho retort 
chamber may bo divided, “ or there may be two or more so])aratc 
retort chambers disposed concentrically or otherwise, with inter¬ 
mediate flues.” 

1863, August 21. No. 2080. 

GRIFFITHS, Robekt. “ Inijtrorcment.'t in the constnidmi. of retorts 
or owns for^xinuivng oil from certain drsmplimis of Mnuiil coal or other 
bitumiwni^ sid-itanees.” —These are as follows : A retort about one 
foot deej), four wide, and thirty long, “ is built or fixed at such .an 
angle that when small coids are placed uj)on the upper end of the 
rltoli they will slide down tho sloping bottom thereof by their own 
eravity ” ; doors are fi-xed by screws, or otherwise, at each end, .and 
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a pipe at the upper end, and another pipe not far from the fire end 
conducts “away the vapours formed by distillation to the con¬ 
densers.” “A furnace is constructed under the lower part of the 
retort, which at this part is horizontal, and a slide or dividing plate 
is introduced between it and the inclined part of the retort, so that 
the contents of the horizontal part may be discharged, and then by 
withdrawing the slide and allowing the coal to slide down the 
incline be readily refilled. The flue of the furnace jnisses under the 
entire length and width of the retort, ])assing out to a chimney at 
the top end thereof, or the flue may return over the top of the 
retort, and bo conducted to a chimney placed in any convenient 
situation. In place of making the inclined ]iortion of the retort 
straight, iis before described, it may be of zig-zag form, or airanged 
at diflbrent angles in the course of its length. Each section or 
incline thus arranged has a slide to arrest the descent of the coals 
contained therein, so that the contents of each section may be 
allowed to descend in succession from one section to another.” 
“When fully acted upon, openings or door.s are formed at each 
angle for the introduction of a poker or rake when required ; pipes 
are also applied for conducting the vapours away to the condensers 
as generated.” Another arrangement of retort consists of a “ hori¬ 
zontal cylinder having an internal openwork cylinder or portion of 
a cylindrical cage of iron or perforated earthenware supported 
therein, leaving an annular space between it and the interior of 
the retort, in which space the material to be treated is placed. At 
one end of this retort two doors are placed, one above the other, for 
supplying and discharging the contents, a pipe or pipes being 
applied at the other end to conduct the vapours to the condensers 
in the ordinary manner. A furnace is constructed underneath at 
one end of the retort with flues to conduct the heat around the 
retort, or the cylindrical retort may be placed in a vertical position 
with an internal cylinder forming a central flue, and with cylin¬ 
drical cages forming annular s|iaces in which the cannel coal to be 
treated is placed. The flues from a furnace or furnaces are 
conducted through and around the interior and exterior of this 
arrangement of retort so as to heat the siufaces exposed thereto.” 

1863, September 14. No. 2255. 

BELL, Thomas. (Provisional protection only.) Imprmnmts in 
apparatus for distilling shale or other Utumimm minerals.” —These are, 
“ a series of what may be termed horizontal edge retorts are 
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arranged side by side, but with intermediate spaces, in a building 
which is constructed with a series of furnaces disposed beneath the 
front ends of the retorts. The fire gases from each furnace pass up 
(by preference throiigh a brickwork grating) into a space between 
two adjacent retorts, and along the bottom of that sjrace beneath a 
horizontal partition towards the back end, whence they return above 
the partition towards the front end, finally entering a horizontal 
flue which cros.ses the tops of the front ends of the retorts, and 
conveys the gases from between the several retorts to the chimney. 
Each retort is formed with a mouth and a hopper in its top for 
feeding in fresh mineral, and with a door on its front end whereby 
to remove the exhausted materials, whilst the products of distilla¬ 
tion jKiss ofl' by a ja'pe at the back end, this pipe communicating 
with a sj)ace inside the retort, separated by a perforated vertical 
partition through which the products find their way.” 

1863, November 12. No. 2812. 

CRAIG, Andrew. (Provisional protection only.) ''imprmtements 
in diitilUiifi hi/droctirhf/M from rmJ, rhale, and other litumimns sub- 
stancen, and, in apparnfm emploijcd for that purpose," —Those are, 
modes of distilling so as to get the hydrocarbons off as rapidly as 
[jossible. One is an annular retort, “ the outer surface or wall of 
such retort being heated to the re(|uisite degree ” in any way, 
“ whilst the whole or greater part of the inner wall is provided 
with a number of small openings through which the volatilized 
hydrocarbons pass into the central enclosed space” with aU the 
arrangements for condensing them. Another mode is, the fire is in 
the centre, and small holes are “in the outer wall of the retort 
instead of the inner wall ”; or, a narrow flat chamber is heated on 
one side to the requisite degree, “ whilst the other side is provided 
with a number of small apertures.” In each case requisite con¬ 
densers are provided. 

1863, November 19. No. 2899. 

SOUTHEY, Anthony Gapper. (Provisional protection only.) 
“ Improvements of stills or retorts for the distUloMon of pciroleutn or tars 
from coallfr sttak or the products thereof ."—These are, “arranging a 
series of stills or retorts at different levels, so that tar poured into 
the uppermost one will descend to the lowest, so that what remains 
may be drawn from it or them either intermittently on cooling the 
^still, or continuously in a liquid state through a refrigerator.” 
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1863, November 25. No. 296.3. 

PAllKIN, Ghorge. " ImpriH'm.enk in appanUm t-mploi/eil in the 
mamifiiclun <if pamffin and oilier like oih front shale, ceiimA, mid other 
miwmls." —These arc, “casting or otherwise forming the said 
apparatus or retort with one or more flues, piiies or passages 
therein to carry thereunto and therethrough the flames or heated 
gases from a furnace airanged in relation to the retort, in any usual 
or convenient way.” The apparatus or retort at present jn'eferred 
“ is of the horizontal class, larger thiin those now in use, and pro¬ 
vided with four flues carried from the back forward near to the 
mouth, where by bends they arc carried outwards through tho 
sides into tho furnace flues to a convenient position to receive the 
flame or heated gases,” “ sui)ply hoppers, openings for c<an'ying off 
tho products, and doors for withdrawing the exhausted materials 
being provided.” 

1864, March 2. No. 521. 

RAKBUKN, .Toun Pktkr. (Provisional protection only.) “/w- 
p'ovenie.nls in Ihe, ]irodndiim of oil, or okaf/inoiis or s/dritnous and gasemis 
imtlers from coal and otlur mineral suhslanees ami verirtahle deposits, arul 
in Ihe maehmenj, apparatus, or means emploi/ed therein.” —These are, 
“employing retorts Iniving a circular, reciprocating, or other con¬ 
venient motion im])arted to them from any convenient source of 
prime mover, and of any convenient shape or form, but, by prefer¬ 
ence, made cylindrical.” In tho sides or ends are apertures having 
doors or covers for feeding in the materials, secured by “ screws or 
in any other way, as usual.” In one or both ends are jointed pipes 
which remain stationary while the retort move.s, for carrying off the 
products of tho distillation to the condensers. “Tho retort is 
enclosed in a brick f\irnace as usual, and heat applied to it in the 
ordinary manner.” 

1864, May 31. No. 1349. 

YOUNG, James. — “Improvements in the Irealmerd or lUstilktion of 
hituminms substances.” —These are, “the system or mode of effecting 
the distillation of bituminous substances which do not jnelt at the 
temperature requisite for their distillation in a continuous manner 
in a series of vessels by the aid of suitable hot gases.” ■ The gases 
employed contain no oxygen, are derived from fuel ih a separate 
apparatus, and “ are caused to he brought into contact with the 
ch.arge in the first vessel of the scries, and after imparting heat 
thereto to pass off by the connecting jfipe or passage to the secopd. 
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vessel, and so on through the series; the oils as they are condensed 
being withdrawn by s[)ocial pipes from the several vessels. So soon 
as the whole or the greater portion of the oils have been distilled 
from the charge in the first vessel, the hot gases are cut off from 
that vessel and passed directly through the second vessel, the con¬ 
tents of the first vessel being withdrawn, and so on throughout the 
series of vessels, each vessel being refilled as fast as it is emptied, 
the process being conseipicntly continuous.” “ The permanent 
gases pass off from that vessel which is the last of the series for the 
time being by a pipe or pipes provided for that purjiose.” 

1864, June 2. No. 1.368. 

CORMACK, Wll.lJAM. (Provisional protection only.) “ Iiiipmve- 
iMnh in. Ike diitiUatim or dednir.iire didillnluiu of nil aolid matters or 
semi-sulid imi.tleis inpidde. of i/ieldiiH/ fluids, or i/aseons hi/driHUirhoiis, or 
other prod nets of am/ Idnd wlnitsoerer, he lliei/ lypiids, Jlniils, or solids, 
such ns pit Cisil, hoijliend, or other hitiiiiiimms coal or slude, peat, wood, 
asphalts, tallow, lard, fats, or other sioiu-solid matters, ami in thr limtinejd 
of tlie satw'.’’ —These are, “introducing a jot, stream, or current of 
any atmosjiheric air, steam, or vapour, gas or gasc.s, singly or com¬ 
bined, superheated or otherwise, into the retorts, ovens, or other 
vessels, such as arc usually employed for their distillation.” These 
vapours or gases are conducted “ either above or near the surface,” 
and by these moans the jiroducts of the distillation are obtained 
at a considerably lower temperature than hitherto accomplished. 
Also tising “the gaseous products given off from one or more 
retorts or vessels to be conducted into other retorts or vcssscls, or 
through a succession of'them, and to act uiwn the surface of the 
matter to bo di,stilled in the similar way as above described.” 

1864, October 10. No. 2484. (* *) 

BECRTON, Jamks (tEOUCK. “ Improoeomits in Imting retorts and 
othe,r ovens for fht distillation of shale, caal, anil otiter snlistaiuxs .”— 
Retorts cgiidoyed in distilling lias and other shale, or coal, in order 
to manufacture petroleum, or other oils or gases, are connected with 
blast or^Riilar furnaces, in order to bo heated by their waste gaso.s. 
Above a flue convoying the gases from the blast furnace, are 
arranged a series of oblong ovens, each one containing a number of 
retorts. These latter arc suspended from their upper ends, leaving 
their lower ends uuconfined, in two or more rows, iKirallol with the 
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flue, “ so as to leave space between the rows to act as a chamber for 
the combustion ” of the gases. According to one plan, the gases are 
introduced from the flue, and burnt in the oven without coming 
into direct contact with the substances being distilled. In the 
upper part of the flue, beneath the opposite ends of the oven, are 
two or more passages, terminating above as many grates, upon 
which fuel is burnt for the purpose of igniting the gases. The pro¬ 
ducts of combustion are then conveyed through flues to the several 
ovens. “ The upper ends of the retorts are provided with remov¬ 
able covers for charging in the materials, and are connected together 
by lines of rail ” so as to l )0 filled from waggons. “ The products of 
distillation pass from the retorts ” by means of internal perforated 
pipes, “and thence into a main.” The remaining matters can be 
discharged from their lower ends into waggons running on rails 
beneath. In a modification of this process, the treated gases pro¬ 
duced in the oven are reconducted directly into the retorts, “ and 
come into absolute contact with the matters for distillation,” instead 
of acting externally, and having their heat conveyed through the 
material of the retort. 

1865, March 1. No. .571. 

YOUNG, Jamks, (Provisional protection only.) " Impwemnts 
in distillinei Intumimm suhtances and in a]ipani,fm emphijexl ihmin .”— 
These arc, employing “for the distillation of such substances of a 
chamber or vessel with one opening at the top, by which the coal 
or other bituminous substance is introduced, and an opening at the 
bottom by which the residue is withdrawn; the heat required to 
distil the bituminous substance brings the hot products from the 
combustion of coke or other fuel forced or drawn through the 
interior of the chamber or vessel among the substances to be dis¬ 
tilled.” 


1865, October 4. No. 2544. 

CRAIG, Allan. (Provisional protection only.) “Imp'ovemnts in 
appamhis for extracting oil from coal, .dude., and other mineral^’ —These 
are, drawing off the oil from the bottom of the retort, “which 
although attempted has been hitherto found impracticablfl,*'owing to 
the difficulty of keeping the dust and dirt out of the oil, and also 
the difficulty of discharging the coke from the retort.” A retort,, 
vertical, larger in. diameter at the bottom than at the top, has “ a 
hopper, at- the top for supplying the coal or mineral, and a vessel ^ 
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containing water at the bottom, and with the usual fire-place and 
flues for heating the same.” In the interior of this is “ a casing con¬ 
structed (by preference), in a cylindrical form, and consisting of a 
series of pieces or rings placed one above the other, so as to present 
a perfectly smooth and cylindrical surface on the exterior.” A 
space is loft between each ring, the lower edge of each ring over¬ 
lapping the upper edge of the one below it. The oil escapes through 
these “ spaces into the interior of the casing, and passes out through 
a horizontal or other pipe connected to the latter at or near its 
lower end.” Although the internal casing is by preference cylin¬ 
drical, it may bo of any form desired, and also the “ casing might be 
cast in one piece (instead of several), if the edges of the interstices 
are not made to overlap each other,” but the first mode of construc¬ 
tion is jffcferred. 


1865, October 30. No. 2793. (* *) 

MELDKUM, Euward. “ Imjrrovejmmis in the difiilhtkm of coal and 
skik, md ill tlw apjmviun emplmjed therein,’’ cMisidhu/ in the adaptation 
thereto of “11 relhihir mraiirfeiiient of retnrt.i.” —The longitudinal space 
between two liiick walls is divided by transverse metal partitions, 
with fire-clay or metallic tops, so as to form a series of cells. The 
partitions arc built up of tongued and grooved bars, jointed with 
fire-clay, bolted together, and having flanges at each end to keep 
the walls in jmsition. The tops of the retorts have feeding hoppers 
and closing plugs for charging and discharging the fuel; and each 
cell has a metal lid at the bottom, with “ a partly moving grating ” 
for carrying the coal or shale. “Beneath this grating a pi])e leads 
to a depositing vessel, from the upper part of which a branch pipe 
leads to an ordinary hydraulic main.” In working the retorts each 
alternate cell is charged with the fuel, and the intermediate cells 
.with the coal or shale to be distilled. The fuel is lighted from the 
top, eJeh Cfll holding it being left open at top and bottom, and the 
distilling cells being clo.sed. When the fuel is burnt down in any 
cell, it isReplaced by coal to be distilled, while the coke left in the 
previously distilling retorts is lighted, in order to serve as fuel to 
distil ff?? contents of the other retorts. If found requisite, the 
residuum inay have fresh added to it. Instead of this alternate 
method of firing, the whole sot may be charged with fresh material 
at each time; and the cells may be placed horizontally as well as 
vertically. 
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1866, December 2. No. 3101. 

BENNIE, Thomas Newton. (Provisional protection only.) “ Im- 
provenumts in appamtm for ilistillinri oik and comic,ndm/oil;/mpours .”— 
These are, brat, “the a])paratus or retorts for distilling oil from 
shale and other substances.” It consists of a pan provided with a 
cover through a gland in which the “shaft of an agitator passes. 
The agitator is caused to rotate by any suitable gearing,” and is 
composed of claws or forks which turn over the shale while heat is 
applied beneath the pan. “The pan is provided with doors for 
charging and discharging and with an outlet in the cover for cany- 
ing off the vapours to a condenser.” Second, constructing condensers 
for condensing the vajwurs of those oils. A tank of iron or other 
material is jdaced at a convenient distance from the back end of the 
retort. At one side of this tank a box is fitted “ into which the 
pipe or pipes from one or more retorts is or are received,” ])re- 
ferring “ that these pipes should be taj)erod, the small end being 
towards the retort.” The tank communicates by an opening with 
the box, so that the oily vapours are free to pass into the tank and 
into vertical or inclined tubes fitted to a plate on the top of the 
tank, the lower ends of these tubes are open to the tank, their 
upper ends communicate with a chamber which receives “ any jicr- 
manent incondensible gas ” which may bo conve 3 ’od to a gas holder 
for use. The chamber receiving the permanent gases i.s heated by 
a steam pipe “to molt any paraffine adhering to the sides of the 
tubes or to cause an upward draught if required.” 

1865, December 20. No. 3285. 

GIBBON, John. (Provisional protection only.) “An improved 
relmi for distillinq or ex,trading prodiirk from cmnrl coal, dude, err schist 
and time rspeckdlgfrom small rxiid or dmt terhiically known (vs ‘ slack’ ”— 
This consists “ in applying self-acting feed and discharge apparatus 
to a revolving cylindrical wrought or cast-iron retort,” the inner- 
surface of which has a projecting ridge which encircles it “in a 
spiral manner, the same as the interior of a female screw,” and “ is 
so arranged for the purpose of causing the material to V operated 
on to advance from one end of the retort to the other, which it will 
do of itself, as the retort revolves by following the course of the 
spiral screw or worm formed by the projecting ridge.” In prefer¬ 
ence the ends of retort are “ taper or narrow ” to “ connect them' 
to the feed and discharge ends respectively, which ends are of 
less diameter than the body of the retort, and am also provided 
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with spiral ridges on their inner surfaces in the same manner as the 
interior of the retort. The feed and discharge ends revolve in 
stuffing boxes, the feed end being connected with a hopjjer, into 
which the material to be operated upon is fed,” and the discharged 
end is connected with a chute, and “the gas or vapour passes 
through the siiid discharge end into a condenser of any suitable 
and convenient form.” The retort may be inclined, mounted on 
brickwork, heated with one or two fires, “ and by means of worm or 
other suitable gearing, the retort may be caused to revolve.” 

ISG.'j, December 27. No. 3345. 

YOlJNfl, James, Junior.— “ Impmrnmcnts in treatm-g hgd'wmrhon 
oils.” —These are, “treating certain hydrocarboti oils, such as 
paraffine, so that their specific gravity is thereby redticed, and their 
juopertics otherwise altered,” “ by heating and distilling these oils 
under pressure.” The distilling vos.scl should be cajiablc of resisting 
“a prc.s.sure of at least one hundred pounds to the S(piare inch, the 
heat being applied thereto in the usual manner.” In practice “a 
prcssiire of about twenty ))ounds to the scpiare inch in the boiler 
or vapour generating vessel is suitable for the treatment of heavy 
hydrocarbon oils obtained from coal or shale, but such pressure may 
be varied to some extent.” It will be buind in all cases that the 
result of the jirocess “ is to convert the hydrocarbon oils in whatever 
state they are ojierated ujion, whether they bo light oil, heavy oil, 
or both mixed together, into oils of a lighter nature.” 

18G6, Fcbniary 1. No, 322. 

NATION, WiLUAM llllYKR. Inqmm'iiinds in ihe pirifimtinn and 
Iiardfiiing of paraffin me.”—Those are, “ the purification and harden¬ 
ing of paraffin wax by separating the more liquid and softer portions 
from the harder portions contained therein by rojwatedly subjecting 
tjie melted partiffin to the process of agitation and cooling until it 
commeflces ^to solidify', and then separating the portion which 
remains fluid from that which has already solidified,” by drawing it 
off by a ti|[) from below. Also the use of cold water as follows ;— 
16 cwt. of crude or scale paraffin is melted in a vessel of 1 ton 
capacity^^ means of steam, when melted, the steam is turned off, 
and agitatofs are caused to revolve slowly, while at the same time 
a stream of cold water is run in the agitator and the flow of cold 
water is continued “ until the mixed contents of the vessel register 
on Fahrenheit’s thermometer a mean temperature of from 2 to 6 
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degrees, more or less, below the point at which the material under 
treatment melted, previously to undergoing this operation of agita¬ 
tion and cooling,” but no lower. The agitation is then discontinued, 
on standing, the discoloured licpiid j)ortion separates and is drawn 
from the bottom by a tap, and the process is repeated as above as 
often as required. “The harder and purified portions of the scale 
paraffin sc]iarated by either of the above systems if not sufficiently 
white for the market, can be remelted and further bleached by any 
of the methods usually practised, and fimdly filtered in a hot filter, 
as is well understood.” 

1866, February 14. No. 471. 

SOAMNS, James, and SOAMES, James Kolle. " huprovenmU 
in pm'ifi/in(/])(ir(ijlm.” —These are, mi.ving “the paraffin with an oil 
capable of saponification,” and subjecting “it when so prepared to 
heavy )>rossure, which in a great j)art expels the oil, and with it the 
impurities of the paraffin.” The pi’ocess is repeated “until the 
impurities are sufficiently removed,” and the paraffin is then treated 
to “ remove the small quantity of oil which the press is unable to 
squeeze out.” In place of using an oil as above, “a ,sa])onifiable 
grease containing a considerable quantity of oil may bo used. Thus 
lard may be employed; but it is not found advantageous to use a 
grease in place of an oil, as the .stcarino it contains is inoi)erativc, 
and has to be removed by sajionification.” 

1866, February l.fi. No. 478. 

YOUNO, James. “ Impwrem^nls in disiiUmj r,oal, shdeK, and other 
swbdawxs." —Those are, employing “ a revolving retort combined 
with feeding and discharging apparatus airanged so as to produce a 
continuous process ” as follows:—The retort is placed at an angle, 
and made to revolve on its longitudinal axis by any well-known 
mechanical contrivance for imparting a continuous rotatory motioe 
in one direction, such revolution in conjunction with f,he inclined 
position of the retort causing the materials placed therein to pass 
through the retort, which being heated externally by ,a furnace 
situate beneath it will effect the distillation. “ The retort of iron or 
other suitable material has a hopper at the upper end 401 -fuarging, 
and a discharge pipe or pipes at the lower end for discharging the 
materials after distillation.” The volatile products pass off by an 
exit pipe or pipes_ at “ the upper end of the retort or distillatory 
apparatus.” 



PATENTS. 


283 


1866, March 1. No. 6125. 

YOUNG, James. “Improvements in dktilUng coal, shales, and other 
tubstanres, and in apparatus cmploi/ed therein.” —These are, employing 
“ a retort placed either horizontally or at an angle, so constructed 
that it may be made to revolve, and containing a screw or spiral, 
the revolution causing the materials placed at the end of the retort,” 
by means of a hopper, to be guided or conveyed through it by 
means of a screw or spiral, “whilst the retort being heated effects 
the distillation of the materials!. The retort or distillatory ajsparatus 
may be constructed of iron or other suitsible material .supplied with 
suitable exit pijses, throtigh which the vohitile products of distilliition 
pass'off, in order that such volatile pi'oducts may be collected and 
utilized.” 


1866, March 13. No. 7.56. 

BItINJES, John FitEDERlCK. “ linjmmimds in rruiehinery or 
apparatus ftrr distilliiuj hitumimms shale ami otlu-r Uttimimnis .suhsianres 
of a like, /mfio'c.”—These arc, the general construction and arrange¬ 
ment of one and more horizontal retorts for the above jiurpose as 
follows:—For distilling “shale, boghead coal, and other light 
bituminous substances which arc not liable to cake, whilst under 
the action of heat,” emiJoying one or more horizontid retorts of cast 
iron or fire clay, revolving continuously in one direction or receiving 
“a recijirocating or alternating motion round their longitudinal 
axes by means of a ‘ mangle wheel ’ and pinion or other well-known 
mechanical contrivance for converting a continuous rotatory motion 
into a circular reciprocating movement.” These retorts revolving 
continuously in one direction have in the interior spiral ribs. 
“^Vhon the retorts receive a circular recijirocating motion on their 
axes they arc provided in the interior with double inclined pro¬ 
jections and a series of annular flanges” which divide the retort 
into a mundier of annular chambers, each communicating with its 
neighbour by an opening left for that purpose in each ring or flange. 
The retorts are set over a furnace so iis to have the flame all round. 
In some cases the bituminous matters are fed continuously at one 
end by^nhoppor, and the residuum is discharged “into a receiver 
or it may bfe di.scharged into a second or third retort similar to the 
first, and be finally discharged from the last retort of the series,” 
one or more of the retorts jirc provided with a pipe at one or both 
'finds connected with condcn.sing apparatus. 
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1860, April 6. No. 992. 

YOUNG, Jamks. “ Impi-mmiwnts in dktiUmj." —These arc, “using 
a revolving retort or .still containing a .spiral niiulo of iron or other 
suitable material, which I place either in a horizontal or inclined 
position and cause to revolve. The substance to be distilled may be 
a solid or a licpiid, the whole or part of which is volatile being 
introduced into the retort or still at the one end and being guided 
by the spiral is conveyed towards the other end, whore the portion 
not volatilized is discharged, the volatile portion beiiig driven off 
while passing through the heated retort.” The feed pipe leading 
from a cistern contoining the li<pud to bo distilled ])asses through a 
stuffing box at the point beyond a stojwjock whore it ])assos inte the 
retort, the dischai’ge end of the retort is similarly entered into a 
stuffing box in the discharge piece for recjoiving or pa.ssing away 
parts of the substances which have not been distilled through a 
pipe out of this end of the retort. Kefereuce is made to No. 625, 
A.l). 1866. 


1866, May 4. No. 1278. 

YOUNG, Wn.LiAM, and BRASH, Pumi. “ improremenfs in the 
(lidilkitidii. (if (ml, xlmle, and (itlu‘r hitninhuiini sidintawvs to nhUdu oih/ 
mdlera tlurifivin, and in, llw redistiUatiim. (f pivdiirl.t thm'hj dUained.” 
—Those are, first, the uncondonsed or permanent vapours or gases 
when distilling coal, .shale, &c., are returned back into the retorts 
containing the coal, shale, &e., which is being di.stilled; those gases, 
it is said, “ disappear in part, whilst at the same time the yield of 
easily condensable oil is increased.” The vapours or gase.s should 
be heated before they are returned into the retorts to avoid any 
chilling action. These vapours, it is said, are also advantageous in 
carrying forward with them “ the vapours rising from the watcr-pil 
which is being distilled. It is preferred to pass the vapours which 
arc difficult of condensation back under false bottoms in the retorts.” 
A jet of steam or a forcing or exhausting ai> 2 )aiatus ^ay be used 
to pa.ss the va})Ours through the retorts. In redistilling what are 
known as “ still bottoms ” residues from distilling bituminous oils, 
there are obtained vapmirs or gases not easily condensed. These 
vapours are passed back into the still, or the vapours'COmhig from 
the still may, in a .separate vessel, be mixed with the vapours which 
are difficult of condensation, and heated with them; “ oil easy of 
condensation results from the action of the two different vapours, 
the one on the other.” 
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1866, June 12. No. 1600. 

NICHOLAS, James. (Provisionul protection only.) “ Improvmerds 
in retorts, ami in the mode of working tlie same to obtain crude paraffine 
and other oils from cannrl coal, hiimimion,s matter, wood,, peat, hones, or 
other material.” —Tho.se are, constructing a retort so “that a largo 
superficial area of almost any .size can he submitted to the direct 
action of heat, and is of the following construction :—The bottom of 
the retort is a plane surface, by preference an iron plate ; the sides, 
bach, front, and toji consist also of .similar plates connected together 
by means of flanges, thus forming a sort of box or retort. At the 
back, by preference on the upper 2 )ortion of the retort are holes 
or l)ij>cs by which the iwoducts of distillation j)as3 to ordinary 
condensers.” On the toj) of the retort is a lid arranged on the 
principle of an hydraulic joint, for the }mrposo of charging the 
retort. In the rct.orts arc rakes. The joints between the flanges 
are formed “ with molten lead in lieu of water,” and covered with 
“sand or other material to jwevont rajiid oxidation.” Prior to the 
retort being drawn oi' discharged a small fnuintity of water is 
dis])crsod into the retort by a perforated jhpe which rising into 
steam swcejis “what volatile matter remains in the charge out into 
the condensers.” 

• 1866, Juno 26. No. 1697. 

YOUNG, James, the younger. (Provisional jirotection only.) 
“ Imp?’Oirou‘uls in appeirahis for the trceitmeiif of hjelrorarhon ejils .”— 
These are, treating “crude or more or less refined” jiaraffin ])etro- 
leum oils in order to reduce “the siiocific gravity of such oils,” and 
imj)rovo “ their jiroportios for illuminating j)urpo.ses.” A boiler or 
distilling vessel capable of resisting “a jiressurc of at least 100 lbs. 
to the square inch ” is charged with the oil; heat is a])j)licd, the 
vapour jjnxluced “is allowed to i)ass to the condenser at any 
regulated pressure through a jiijic iwovidcd with a valve loiided to 
the pressure required, or a separate tube with regulating sto]>cock 
may bo'iwoifidod for allowing the vajwur to [lass to the condensing 
apparatus.” The boiler or vessel has a })ressurc gauge, and it is 
constructi^l so as to be readily cleaned out. 

1866, July 23. No. 1905. 

LEACH, James. (Provisional jffotection only.) “ Improvements in 
refining paraffine. wa.r.” — These are, boiling “ the cmde jiaraffine for 
^fbout two hours, more or loss, with a solution of caustic alkali,” 
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“ the precipitated oil is then removed hy wsishing; the paraffine is 
then submitted to the action of animal charcoal ” filtered, pressed, 
■then rcmeltcd, washed, and “ again subjected to the purifying power 
of charcoal, after which it is again filtered and treated with about 
five per c(!nt. of naphtha and piessed; by preference, the pressing 
should take place while warm. To remove more completely any 
impurity that may still exist it is once more remelted, washed, 
treated with charcoal and filtered, all that remains to bo done is to 
run the paraffin into cakes suitable for the market.” 

1806, September 4. No. 2271. 

HOLMES, William CAitTOEKiriT, and I'EUKINS, J.no. Wm.. 
(Provisional protection not allowed.) “ Iin/ji-ornik’iil'i in. appamtns 
for the (IhiUHatwn of parafim and petrulaun. nr other hi/ilrmrrbon oils .”— 
These are, taking “the usual fiated hemispherical still,”fixing in the 
interior about midway a charging pipe with a self-acting cock, and 
carrying the neck of the still through an intermediate condenser, 
to which the charging pijie is also attached. “The condenser is 
provided also with a self-acting cock to receive and maintain the 
charge, so as to supply the still and maintiin one uniform level 
while at work with boiling oil.” At the Iwttom is a pipe for 
removing any water in the oil. “In the interior of the still, is a 
pyrometer, self acting, so that when the boiling point has risen to 
any point previously determined on, any further supply may be and 
is cut off. The condenser being charged with oil charges the still 
and maintains the charge at the same level, thus obviating any 
burning or discolouring of the oil, and requiring little or no 
attention.” 


1866, September 17. No. 2380. 

BRASH, Peter, and YOUNG, William. “Improvements in thf 
mmufiiciurenf oil from shale and other bituminous substances.”—Them 
are, the distillation of shale or other bituminous matter in casm- 
bination with the tar,” as afterwards described, “in order to obtain 
oil in greater quantity than the shale or other bituminous matter 
would produce separately.” The acid tar precipitatqfl,i 5 -adding 
sulphuric acid to crude bituminous oils, having “kttle or no 
commercial value is prepared by neutralizing tkc acid with lime or 
other base, or the acid is washed out by blowing steam into it; ” 
“ the separation may be rendered more complete by the addition cS 
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salt.” The purified tar is absorbed by ashes or other absorbent 
material, and eharged “ into the retort in a solid form, together with 
the shale or bituminous matter.” Or the purified tar is mixed with 
lime or other alkaline matter, and distilled along with the shale or 
bituminous matter. Or the shale or bituminous nuxttor is mixed 
with lime or other bituminous matter, and distilled “ along with the 
tar which is allowed to flow over and through the shale and lime 
during the distillation.” The distillation is conducted, by prefer¬ 
ence, in the manner described in No. 1278, A.n. 1866. 


1866, October 29. No. 2788. 

McHEATlI, Ohartjss. ‘^Improvements in the treolnwid or dMllafion 
of slwk, (■«(./, (lull other hilnmimms suhstiiiurs, nml in thr, nimus m' 
iqrparolns eitijiloi/ed therefor ."—These are, “tins construction and use 
of an open-mouthed oven 01 retort erected over a hearth or grate for 
the treatment or distillation” of the above .substances “into gases by 
the heat of their own combustion at the open mouth of the retort ” 
(whether these gases are condensed into oils in the condensers after 
described, or in others heretofore in use or whether used as gases); 
also, “ the application anil use of a jet or stream of steam at or near 
the neck of the conduit carrying the distilled gases from those 
improved retorts to their condensers, or applied to other retorts 
and- condensers heretofore or at jireseiit used ” for the treatment or 
distillation of the above substances, “whether used in connection 
with the returned cunents of uncondonsed gases from the con¬ 
densers or not, and whether these currents of gases to and from the 
condensers are assisted or initially produced or not by a fan or 
other eiiuivalent blast in addition to the said steam jet.” The 
condenser is a long cylinder connected to the neck leading from 
th^ distilling oven, from which it declines at a considerable angle 
towards the ground, and rests on suitable pillars of brickwork. 
This co’jdenser is fitted with six pairs of tninsversc diagonal surface 
condensing |)ipos or tubes open to the atmosphere, and through 
which currents of cold air ascend and escape at the top, or these 
currents may be conducted by one conduit connecting all the pipes 
at theirjjT^er ends to a chimney, or this heated air or a portion of 
it may be Ijil into the ash pit. There is an arrangement by which 
the uncondensed olefyint gases are returned through the condensers. 
The retorts or ovens are fed with the above substances by means of 
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1866, November 3. No. 2847. 

HARRIS, .Tosiaii. “ Improvimwiin in ii./ijiamtus for Ihe production 
dvdilhtwn, iml rejimug of hydrocarhon oiid olhe.r oils from shale, cannel 
coal, peat, lignite, or other Ulwidnoiis ■inmerak.” —Thc.se are, placing 
“an ordinary exhausting fan or pump to l)c driven or worked by 
steam or other motive power at the required velocity at the delivery 
pipe leading from the retorts” or “at the ordinary outlet of the 
condensing woi'iii loiuling from the still,” and thus drawing off “ the 
vajwurs, fumes, smoko, or g.ases generated in the rptorts during 
distillation ” of the above sidetances, and drawing off in a like 
manner from the above sulistances “such vapoui’s, fumes, smoko, or 
gases as are generated in ovens or kilns for conversion into hydro¬ 
carbon oil.”* 

1867, February 1. No. 284. 

BUHRER, Jacob, of Munich, and RJtlCE, Astlkv Paston, of 
London. (Provisional protection only.) “ IinprorenieiUs in the dis- 
tillatuin of coal, shde, dV.”—“The materials arc to be reduced to a 
fine state of division, and then caused to j)ass or fall through the 
interior of a heated vortical chamber, tube, or a retort, or series of 
the same, in such a manner as that the feevoral particles in their 
descent or ])assago shall bo subjected to the action of heat, applied 
externally, to the retort &c. The character of the distillatory 
products being dei)cndcnt on the temperature omjdoyed for their 
productioti, it follows the apparatus must be heated more stroflgly 
when it is desired to obtain illuminating gas than when the object is 
the production of oil and other condensable products.” 

1867, March 7. No. 650. 

YOUNG, WlUAAM, of Straiton; and BRASH, Peter, of Leith. 
“ImprotKinents in ihe distillation of slmle tte.” —“The shale Ac. 'are 
heated by the gases given off by itself. The shale is enclosed in a 
vessel provided with an outside casing which is to convey the gd§; 
heat is applied to the outside casing and is diffused through that to 
the inner chamber containing the shale &c. the gas or vapour is 
then by a suitable pipe at the bottom introduced between the 
outer casing and the inner chamber, and after ascondin^it^s forced 
or drawn into a downward current through the bituminous matter 

* All the above extracts of Patents were takeix from Abridgments of 
Specifications relating to Oils, Fats, Lubricants, Oamllos and Soap,’ published 
byG, K. Eyre and William S]iot(i8wiKKle, 1873. 
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carrying with it the oily vapours, thus effecting a downward 
distillation which produces an oil of high (juality. Instead of the 
outer casing or chamber, which conveys the vapour or gas, a jripo or 
atTangcmcnt of pij)os for the same purpose may ho used. By means 
of the downward distillation a larger quantity of solid paraffin is 
obtained from the oil than by any other mode known.” 

18C7, March 12. No. 707. 

BRIN.IES, JoTlN I'uEDKRKJK, AVhitochapel, London. ‘^Improve¬ 
ments in iippanUus for ilktilliiig shale, iCr.” —“ The improvements are 
in the means of traversing the material or substance under treatment 
through the retort in which it is contained. One or a series of 
horizontal cylindrical retorts are made to revolve continuously in one 
direction to receive a circular rcci|irocating motion on the axial 
centre line of the retort. Each retort is provided internally with a 
series of longitudinal ledges or ribs, which servo as lifters, and allow 
the material to fall in a shower on to the bottom of the retort, and 
according to the angle of these ribs so will the passage bo retarded 
or hastened, (of the shale).” 


1867, June 21. No. 1808. 

PERKINS, John Wh.uam, of London. (Provisional protection 
only.) “ Iinjiroirmenls in stills for pe.trole.mn, paraffine, oil, i(x .”—“The 
still consists of a series of chambers in communication with each 
other, each of which chamlKjrs contains a coil of pipes through which 
the heating medium is caused to flow. At the extremity of the 
heating medium I maintain the current through the still by means 
of an ordinary force pump enclosed in a tank of oil for supplying 
the charger with hot oil, and the discharge pipe of the still is 
enpasod in an ordinary ‘ Liebig’s ’ condenser.” 


1867, June 27. No. 2175. 

KIPP®GILLE, Ewd. Alexander, Holborn, London. “Improve¬ 
ments in the mode, of distilling nr separating the mwe volatile portions 
of petrulmm, dr .”—“The improvements consist, firstly, in the 
employment of a jet or jets of steam to draw or force in a current 
or current, of air through the petroleum or other mineral the 
volatile matter of v^iich is to be separated; such jets acting in a 
somewhat similar manner to the blast of a locomotive engine. The 
be treated is placed in a vessel in which a finely perforated 
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pipe or pipes in a coil, is arranged at the lower part; with this pipe 
is connected a pii)c passing from the aforesaid vessel to another 
vessel, into which a jet or jets of steam arc blown, such jets of 
steam acting to draw or force in air to such vessel from which a 
comhitied current of air and steam passes from the upper part 
thereof to the jierforated {)i])e in the interior of the oil treating 
vessel. The combined current of air and steam, issuing through the 
perforated pipe passes in numerous smalt jets up through the oil 
and out through a ‘ gooseneck,’ connected with the upper part of the 
oil vessel, and in doing so carries with it the more volatile portions 
of such oil, which are then convoyed into another vessel and 
condensed in any suitable way.” 

1868, June 6. No. 1868. 

YOUNG, James, of Kelly, Kenfrewshire. (Provisional protection 
only.) ‘ImprmiiMuts in trmliug hydrnMrhm."—''''Yca& invention 
consists essentially in heating and distilling hydrocarbons, such as 
paraffin, paraffin oil, and petroleum in contact with or from alkalies 
or alkaline earths.” 

1868, July 27. No. 2356. 

LAMBE, Fredk., and STEURY, Aimrou Ciias., of Kotherhithe, 
London, and FOllDREJ), John, of Blackheath, Kent. “Improve- 
imnk in the treatment of solid anti lit/aid hydrocarhons." —“ This inven¬ 
tion consists in treating these substances with fuller’s earth under 
certain conditions. For wax or semisolid hydrocarbons the material 
is first melted, and the earth thoroughly stirred into it. After the 
earth has been sufficiently agitated with the material, the whole is 
left for the earth to subside, or it may be filtered. When treating 
liquid oils we first place them in a still with a proper quantity of 
fuller’s earth, and distil them in contact with it generally, but not 
necessarily to dryness, with or without the assistance of steam as 
may be found necessary. Liquid hydrocarbons are subjected to a 
preliminary treatment with sulphuric acid, oi alkali and-acid’’before 
distillation. The products of this distillation may bo treated with 
the earth, or simply washed, or treated only with acid; Ahe liquid 
being finished with ammonia or its carbonate. Sometimes it is 
preferable to use as a final treatment a small percentagF’of'silicate 
of. soda or potash to prevent the oil going back in colour. The thin 
tars produced may be used for washing the crude oils previous to 
distillation.” 



/‘A TENTS. 


2gi 


1869, Febniary 6. No. 376. 

MELDRUM, Edward, Dechmont, Linlithgow. “Improvements in 
the manufariure, of paraffim oil.” —“ An apparatus such as an iron tube 
or a common retort is built up over or alongside of a fire so that 
the temj)eraturc can be so regulated as to attain a range of tem¬ 
perature not exceeding a visible rod heat, and to obtain a large 
surface to be heated, such apparatus may be filled with broken 
stones or spent shale. The heavy oils or the melted paraffine are to 
be run in slowly at one end of a retort or decomposing tube, and 
the products thus resulting arc condensed by ])assing off through a 
condenser connected with the other pnd of the retort. A mixtiire 
of«paraffine and oils when distilled at about 700° F. will split up 
into easily refined oils for lamps, and heavier oils suitable for 
lubricating, &c.” 


1869, February 26. No. 600. 

TOWNSEND, .Toskfh, of Glasgow, Lanark. “ Imirrovenunis in 
extracting ami refining oils from mimrids, itx.” —“ Superheated steam is 
passed into the upj)cr end of the retort, and is maintained at at least 
J 11). i)er sq. inch over the atmospheric pressure. The retort is 
preferably circular, 12 feet by 12 feet of iron (fire-clay lined) plates. 
It is to have a i)crforated bottom through which the steam and what 
It extracts pass to an inclined bottom leading to an exit tube at the 
side, this pipe or tube first descends a little, then ascends to any 
convenient height, whilst at the top or any convenient height, a 
loaded valve is ajjpliod to it, to prevent the i)a3sagc of liquids or 
giises except at a predetermined pressure, to which the valve is 
loaded, and maintained in the retort as well. The condensed 
products are to bo passed through heating baths in coils, and the 
jfloducts in each coil collected separately. Heated air or any heated 
gas may bo used in place of steam. The steam, air, or gas may bo 
hdmit^d at the top, and the exit pij)o placed at a different part, 
but the arj angement described is preferable. If the oils are to be 
extracted from tar or other more or less liquid siibstancos, the retort 
is constrweted with horizontal platforms with ledges and extending 
altcrn^^!)^from opposite sides to within short distances of tho other 
sides. Tlie tar or other matter is placed on tho top ])latform, 
and overflows in sijccossion down upon each lower one, whilst tho 
heated steam, air, or gas passes off with what it extract? to the exit 
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1869, May 13. No. 1469. 

TOWNSEND, Joseph, and FORBES, Petek, both of Glasgow. 
“ Imp'ornnmils in tin- refining nr irmting of oils ."—“A jacketed 
retort is used and steam (saturated) at 50 lbs. jjer sij. in. m.ay be 
at first enijJoyed, and the pressure to be gradually increased to 
150-180 lbs., the increase being adjusted so as to ensure a regular 
flow of the distillate. In this way the light oils are distilled over 
comparatively pure, whilst the residue after treatment with acid 
and alkalies, and crystallizing, may be separated into lubricating 
oils and wax by ordinary pressing.” 


1869, June ID. No. 1832. 

SMITH, William, of Bathgate, IJnlithgow. (Provisional protec¬ 
tion only.) “ Iinjrromuads in treating or purifi/ing miwrul oils ."— 
“The invention consists principally in employing sulphuric acid 
diluted with from one half to twice its weight of •water, the acid 
and water being mixed with the oil whilst in the heated state 
caused by their combination, the oil also being preferably heated to 
100° F. prior to adding the acid and water. The treatment may lie 
performed twice, or oftener if necessary. The tar produced is 
thinner and better fitted for making grease, &c.” 


1869, September 1. No. 2588. 

SCOTT, Robekt, Manager of Addiewell Works; MaoIVOR, 
William, also of Addiewell. (Provisional protection only.) “Im- 
pvvements in the treMhnmt of h/drocarlm, oik .”—“ This invention has 
for its object the reducing of the specific gravities and otherwife 
improving hydrocarbon oils. The oil is put into any ordinary still 
and distilled, and the vajiour given off’ is passed through one or 
more heating vessels or chambers sufficiently heated to produce the 
change. The change may also be brought about by bringing the 
vapours into contact with superheated steam. Heavy |,etroleum 
and paraffine oils may by this moans be converted jnte h'n’ning 
oils. After being superheated the vajiour is conducted to a con¬ 
denser of the usual or other form. This treatment may also be 
applied to the vapours of crude oil from coal or shale undergoing 
dirtilktion.” 
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1869, October 11. No. 2950. 

KIRK, Alexander Carnegie, of Glasgow, Lanark. (Provisional 
protection only.) “ Improvetnerds in treating mineral oils." —“ This 
invention is for the reduction of the specific gravity of the heavier 
portions of paraffin, and other mineral oils, and consists in distilling 
them in a still of any known convenient construction, and in 
causing the vapour, as it leaves the still to issue at a high velocity 
through a contracted orifice or orifices by forming a partial vacuum 
in the condenser or in the pipe leading from the still. This may 
be cfiected cither by pumps, or by what is known as an ejector 
condenser.” 

, 1870, January 6. No. 50. 

SHAND, George, of Stirling, N.B. (Provisional protection only.) 
“ Iiiipnmiieiili in nhldiiiiiig prodiir.ts from tar.': ami residaes.” —“ The 
process consi.sts in distilling under pressure. The heat may be 
ap()lied by means of superheated steam, or saturated steam of high 
pressure, or direct fire heat, in any of the known a])paratus in use, 
fof distilling under pressure. Five to 10 pounds per sq. in. above the 
atmospheric pressure is to be ])refcrred. ‘ Coal-fcir oil ’ may by 
this mode be made to yield naphtha, light oils, and lubricating oils, 
not hitherto obtained from it; whilst if tar or partially treated tar 
is used, larger (piantitios of naphtha and light oils may bo obtained 
>than heretofore.” 

1870, July 1. No. 1871 . 

MolNTOSTI, James Anderson, of Leith, Midlothian. (Provi¬ 
sional protection only.) “Impromnents in, distilling oils.” —“Milk 
of lime is thoroughly incorporated with the oil, and then passed 
into the still, after which soda crystals are added to the mass 
which is again agitated till the crystals dissolve. The still is then 
fut in order and fired, and the slower and more gentle the distilla¬ 
tion is cflectcd the better will be the oil in smell, purity and 
brigji^ess of colour. The proportions for l.st distilled paraffin 
blue oil are: 30 cwts. of blue oil, 60 gallons of milk of lime, and 
about 2 cwts. of soda crystals. This treatment may be applied to 
any oils%hotlier they have been distilled once or twice before.” 

1871, February 4. No. 305. 

CHURCH, JAMES,*of Glasgow. “ hnjrmvemmts in distilling and in 
^aratus therefor ."—The retorts can be made circular or of a 
polygonal horizontal section, and each of a series is formed with an 
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enlargement at the part where the heated gas is to act on the 
substance in the retort, the enlargement being fitted with a hori¬ 
zontal diaphragm having a central opening through which the 
substances descend. The heated gas is admitted into an annular 
space at one side of the diaphragm, and acting on the substances, 
and passing through the diaphragm passes off from the other side 
of it, carrying the volatile products with it. Either modification of 
the retort may be constnictcd of brickwork or iron, or partly of 
both materials. When dealing with a liquid (crude shale oil, &c.) 
the retort is filled with coke or other indifferent body, and the 
liquid is poured in slowly at the top so that as it drips down over 
the coke it is presented in thin films to the current of heated gas. 
When dealing with a solid substance, such ivs shale, the latter is 
preferably reduced to small pieces, and fed in at the top, and the 
retorts may if necessary be fitted with covers, the shale being 
charged at intervals, but the process is practically continuous. A 
pressure slightly above the atmospheric is preferred, in order to 
prevent the air entering, and to control the currents of gas in the 
various channels by means of jets of steam or otherwise, so as to 
have the pressure a little higher at the sides of the retorts at which 
the gas enters than in the passages leading from the retorts to the 
condensers.” 

1871, November G. No. 2989. 

CRANE, Patrick Moir, and McGRATH, Dennis, both of Man¬ 
chester. “ Improvements in liijuid cookr.i, and mlle.cling the congealed 
product .”—“ A stationary horizontal cylinder is fitted with a jacket 
containing a stream of cold brine, or cold air. The cylinder contains 
an archimedean screw, which accurately fills it so far as to bear 
upon the whole interior circumference, and the screw is to be 
rotated. The liquid flows into the cylinder and congeals in a thiu 
film, and is scraped off by the screw, and finally squeezed out at the 
end into the usual bag or receptacle provided.” 

1871, November 13. No. 30.55. 

CRANE, Patrick Moir, and MOIR, George, of Manchester. 
“Imp'orements in the mamfarlure of lubricating maiertdll”—-^ The 
oil is distilled by a slow or cool distillation, and after thb lighter or 
thinner portions have come over, we reserve tne heavier portions 
which come over by a higher temperature for use as lubricafo^g 
materials, and which if mixed with paraffine wax are to be separated^ 



PATENTS. 


* 9 S 

from it by a well-known means. These heavier oils are to be 
purified with acids and alkalies in the usual way, they are then 
washed with water and thereby rendered fit for use.” 

1871, November 18. No. 3130. 

EMMENS, Stki-hen Henry, of Gresham Street, London. “ Im-. 
proveimnts in piriffing diiiillales from Intumhum suhslanma." —“ A 
current of the distillate in the form of spray is distributed in 
atmospheric air, in pure oxygon, ozonized oxygen, or other 
oxidizing gas, for the purj)Ose of producing a direct oxidation of 
the substances which it may be desirable to remove. The puri- 
fyjng process may be carried on by blowing or injecting a jet of 
spray into a closed vessel or chamber from which the product or 
products can be removed by filtration, decantation, or otherwise, 
aided or not by the addition of acid, or alkalies, according as the 
oxidized matters to be removed are basic or acid.” 

1871, August 11. No. 2123. 

YOUNG, James, of Limefiold, Midlothian. " ImprovmmnU in the 
trmtnmt of hydromrhoii oils.” —“ Shale or other hydrocarbon oils pro¬ 
duced by di.stil!ation, cither in the crude state or partially purified, 
arc placed in a suitable vessel, and muriatic acid gas passed into 
' them to saturation ])oint, (the oil being warm at starting). After 
settling the oil is drawn off from the acid liquor. The oil in this 
state is washed with water, after which it will be found that nearly 
all the impurities arc removed, and if reijuired the oils may be 
distilled or otherwise treated. The acid can be passed into the oils 
by a i)ipe or in any other convenient manner. I claim this to be 
quite distinct from Mr. Warren do la Rue’s Patent 2002 of 1856 
<or treating ‘ Burmese naphtha ’ with commercial acid.” 

^ 1872, January 8. No. 64. 

COFFEY, John Ambrose, Bucklcrslmry, London. "Improvements 
in the manufacture of oil by distillation." —“ I place the oil, &c. into 
a retorlfor still, which I enclose in an outside jacket in some cases, 
andWi o*i»rs I use it or dispense with it and introduce a heated 
mass into tubes, or ducts, or any other well-known form which will 
encase the heatiig material and which will prevent it, unless 
^ough coiivbction, to impart its caloric to the material operated 
'upon. The heated mobile substance I obtain from a dense paraffin 
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oil or any other such substance as will impart its heat and maintain 
its mobility. 1 take a vessel, which I term my supply, return, and 
expansion cistern, in which I place the heavy ])araffin oil, and cir¬ 
culate it by an outlet and inlet (l)oth open, thereby avoiding all 
pressure from heat,) through pipes or ducts to a zig-zag, worm, or 
other sha])ed pipes or ducts, boiler shape or other form, which I 
I)laco in a furnace, stove, fusible or sand bath, which I convey to a 
pyrometer indicating 1500“ Fahr., so that I can accurately know 
the temperature of the fluid, and thereby also regulate the tempera¬ 
ture of the mobile substance to the retort or still to the material to 
be operated upon. The circulation may be maintained by a pump 
or the well-known principle of the hot water apjjaratua by which 
means I ensure the steiidy atul controllable heat to the substances 
under operation.” 

1872, February 8. No. 413. 

YOUNG, .Iames, of Kelly, Renfrewshire.— “ Impvn’innil.f in tile 
ireatineiit of natural piirolam.i." —“ The im))rovcmonts consist in treat 
ing what arc called ‘ natural petroleums ’ with muriatic acid. Either 
liquid mun'atic acid is used, and the oils may bo heated above the 
atmospheric temperature or not. AVhen Ihpiid muriatic acid is used 
the petroleums may also bo heated. The ‘ petroleums ’ are agitated 
with the said acid in stoneware or other suitable vessels to remove 
the imjmrities. The agitation can be effected by means of ordinary, 
reciprocators or dashers in use. The oils can bo distilled afterwards 
if thought necessary.” See also No. 2123 of 1871. 

1872, February 14. No. 409. 

YOUNG, James, of Kelly, Renfrewshire. (Provisional protection 
only.) “liiqmniements in treating h/dromrhm." —“I treat hydro¬ 
carbons which are solid or semisolid at ordinary temjaeratures such 
as ozokerite, pitch, or natural bitumens, with muriatic acid in the 
gaseous state. Those substances are to be liquefied by heat and in” 
that state are to be agitated with the said acid in a gaseous state, to 
remove the impurities. The agitation is to be effected by ordinary 
' or reciprocating agitators or dashers, and the vessels are of s‘one or 
other material capable of resisting the action of the acid.” 

1872, February 28. No. 617, 

YOUNG, James, of Kelly, Renfrewshire. " Improvekmts in treating 
hydroearhons ”—“ The paraffin oils obtained by distillation are heatedS* 



PATENTS. 


297 


and ]i<inid muriatic acid brought into contact with them, during 
agitation, in stone or other acid resisting material. Muriatic acid 
both liquid and gaseous may be used.” 

1872, Febraary 28. No. 618. 

YOUNG, Jams, of Kelly, Renfrewshire. “ Imi/rmvmcnts in oUainr 
iwj hydnmrhom from rhile —“Atmospheric gases and products of 
the material from which the heat has been derived arc mixed with 
the hydrocarbons sought to be obtained, and the kilns, furnaces, &c. 
are combined with a tower or chamlrer containing coke or other 
matcriiil between the spaces of which the vapours, gases and oils 
pass. Between the before named kilns, &c. and the tower, a con¬ 
denser is situated in which the more reiulily condensable jmrtions 
condense, the less so pass through the tower, wherein they become 
mixed with hydrocarbon oil which is caused to flow through the 
tower to absorb the less condensable portions.” 

1872, March 30. No. 938. 

MUNRO, Andrew, of Kensington, London. (Provisional protec¬ 
tion only.) “ JmimwrmoiiH in Uw, r.rlrarlioii of oil awl from, hitunmums 
stili4avm.” —“ Heated gases are to bn ])assed over the body of the 
coal, shale Ac., contained in a jiroper vessel. The gases jmeferable 
for this purpose arc the heated jn-oducts of combustion, which may 
1)0 prci)arcd by driving, drawing, or conducting air over a fire of 
any suitable combustible matter. The fire is to be so arranged that 
all the oxygen supplied is combined with carbon. A bod or layer 
of red hot coke, besides the fire may sometimes bo necessary, and 
the position iind arrangement of this fire must be such as to effect 
the control and regulation of the temperature of the heated products 
passing away from such fire, when making oil, that the temperature of 
the shale, )tc. being operated )ipon, shall not be higher than that 
^which is favourable for the largest production of oil and the 
prodivts thereof. I prefer to drive a blast of air from an air pump 
over a coke fire, arranged on the linos above stated. The heated 
products of combustion are led into the chamber containing the 
shale, ; and 1 prefer to introduce these heated products at the 
toj) cw uppjji; part of the chamber. The distillation will thug pro¬ 
ceed downwards. The bottom of the said chamber I prefer to keep 
()j)en ended, scalina.it in a bath of water. The products of the 
dijtillation aloftg wfth the heated products of combustion pass off by 
Suitable outlets to the condenser.” 
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1872, April 11. No. 1073. 

BELL, John, junior, and BELL, Thomas, both of Wishaw, Lanark. 
(Provisional protection only.) “ Imjrrmemenia in apparafm for dis- 
elurging Jwrkonial retorts .”—“To carry out this invention a Small 
locomotive steam engine is arranged to run on rails in front of a 
bench of retorts or between two benches facing each other. The 
driving wheels arc actuated through gearing which can be dis¬ 
engaged, and a pinion can bo engaged so iis to act on a transverse 
horinontal rack bar carried by the engine. A rake bar is provided 
that can be fixed upon either end of the rack bar, to suit the retorts 
on either side, and this rake bar is supplied with plates to close or 
partly close, when it is pushed in the retorts, and to open and gfiisp 
the materials in the retort when it is drawn out, depositing the 
materials in trucks between the rails and retorts.” 

1872, May 16. No. 1494., 

PORTER, Robert, of Chiswick, and PORTER, Frederick, of 
Mincing Lane, London. “ Improvements in distilling and in apparatus 
then^or .”—“The improvements consist in pissing the charge of 
material to be distilled in a thin stream through a vertical retort, 
so that the whole of the said charge is kept in contact with the sides 
of the retort, and the entire heated surface thereof is utilized, while 
the central portion of the retort is left free for the passage of the 
vapours or gases evolved. The retort is fixed vertically upon a 
receptacle for the exhausted material, and to the upper end is fixed 
a hopper or reservoir to contain the distillable matter. In the 
hopjicr and through the retort wo jilacc a central .shaft, the upper 
end projecting through the top of the hopper. On this shaft wo fix 
a screw or worm for feeding the charge from the hopjior into the 
retort. The threiids or blades are to bo inclined at an angle of ^5 
degi'ces downwards.” 


1872, Juno 12. No. 1768. 

ANDERSON, Georoe, and BUCHANAN, James, both of Dalmeny 
Oil Works, Linlithgow. {Foid, as the patentees neglected to file 
complete sjHjcification.) “ Imprnvermnls in apparatus fi'^-drair'yig Oie 
charge from reforfe.”—“ The apparatus consists of a continuous or 
jointed metal rod or bar, or of a chain, fitted 'ith a plate or series 
oi plates. It is placed in the retort before or during charging, 
is allowed to remain there during the distillation of the coal, cann^ 
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shale, &c. The rod or bar is preferably withdrawn by a steam 
windlass running on rails. A series of plates separated from one 
another is to be preferred, the one at the back end (the one furthest 
in the retort) to be the largest.” 

1872, June 12. No. 1771. 

SHANKS, IIuoii, of South Queensferry, Linlithgow. (Provisional 
protection only.) “Improvements in drawing retorts and means 
therefor." —“The improvement consists in a rod or shaft, (to bo 
worked by manual power or machinery) on which are fixed at 
distances from each other a number of ‘ clats ’ or rakes. Each rake 
is te be gradually larger, the smallest is to be nearest the mouth 
of the retort, the largest being at the back. The rakes may bo 
perforated to allow the vapours and gas from the distillable 
material, to j)asa through it. After the distillation is finished the 
door of the retort is removed, and the shaft and rakes drawn out 
with the residue.” 

1872, July 24. No. 2204. 

COX, John, East Stockwith, Lincolnshire, and COX, Samue^, of 
Camberwell, London. (Provisional protection otdy.) “ Imprmermnis 
in the extracthm of paraffin d'C. by distilling a mhtUe solvent thrmigh it." 
—“ The materials with a suitable solvent are placed in a plain or 
perforated cylinder with a perforated bottom contained in a double 
cased cylinder with a double bottom closed by a cap having deep 
dipping rims dropping into the spiice between the inner and outer 
cylinder containing water to form an air tight joint. This cap is 
perforated in the centre, and around such perforation are placed two 
collars the one of larger diameter than the other to form a space 
for water and to admit a pipe fitted also at the end with a collar, 
fhe vaporous solvent coming in contact with those joints cannot pass 
j.hrough them, Imcause it is immediately condensed or driven off 
accord’i'g as to whether the water is hot or cold. The volatile 
solvent is distilled from another cylinder of c.xactly the same con- 
stniction by means of steam passed into the water within the space 
between %e double cylinder through the just described pipe which 
is co»ecte'J^jth the head of a condensing worm fitted also with a 
water joint. The vapour is hero condensed and passes through a 
pipe connected at tb^bottom of the woim by a sliding and revolving 
water joint inWj airother double cased cylinder as above described. 
In this cylinder the condensed volatile solvent saturates the paraffin 
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containing substances, and with the oil or fat in solution falls to the 
bottom of the cylinder, and is recovered by distillation into a third 
or the first cylinder containing more materials to bo acted on. By 
using throe or more cylinders, as the solvent during distillation is 
being prepared for another cylinder, thereby rendering the opera¬ 
tion continuous, and the solvent can be used over and over again 
without loss.” 


1872, August 21. No. 2487. 

YOUNG, William, Magdalen Chemical Works, SCOTT, Andrkw, 
Musselburgh Gas Works, and STEVENS, kV'iLLlAM W. (for late 
Peter Brash, of Leith), all of Midlothian. Imprmruiaits in Hut 
destnidirii dilillatinn uf md, nhde, th." —“The vapours generated are 
caused to pass in a downward direction through the hot coke from 
a previous charge. The retort is to be first heated (by coal, &c. 
thrown into the combustion chamber) to a very dull red heat. The 
sub.stance to be distilled is then introduced by the ho[)pcr and valve 
at the top, and as soon as oil begins to come over, the exhaust 
(preferably a jot of steam) is set to work. The outlet for oil 
vappurs is to be situated at the side of the retort; the whole to 
be onclo.se(l in suitable Hues, and the spent pnalucts of combustion 
carried off to the chimney. Any ordinary condenser may be used. 
As soon as one charge becomes exhausted, it is drawn off' into the 
combustion chamber, and it supplies heat, for the next charge of 
material, which should be immediately introduced at the top.” 

1873, February 15. No. .509. 

PATISON, John, of Airdrie, Lanark. “Imp'ovmmts in Hut 
destrwHee. diilUluium of cod ami slide,” —“For the distillation I use 
cast iron cylinders from 18 inches to 3 feet in diameter, and from 
18 to 30 feet in length, more or less, whether in one casting o^ 
more, bolted or united together in any way. The said reinnts are 
fitted with a shaft or shafts revolving inside and running parallel 
with said retorts, and placed in or on the said shafts or shaft, radial 
screw blades, either cast with or bolted on to the shafts* so as to 
form one continuous screw. A little sjiace is to be allowed between 
the screw blades and the sides and tops of the retorts for the free 
escape of the gases, vapours, and other predicts of the distillation 
into the condensers. The oils can lie imrih'od b^ rerh'stillation oc^y 
ihe usual treatment with acids and alkalies.” 
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1873, April 10. No. 1327. 

HENDEIuSON, Norman Macfarlane, Oakbank, Mid Calder. 
“ ImprmKiMnts in, destruclive distilUitum of xlmh and ollutr oH-yielding 
minerab, and in apparatm therefor." —“ In cairying out this inven¬ 
tion a series of four verticiil retorts are arranged in a furnace or 
oven, with their bottom ends at a little distance above a central firc- 
s[mce or grate. Their bottom ends are provichsd with doors which 
ciin be shut gastight, and immediately below each door is an inclined 
valve, which in one position separates the bottom of the retort from 
the central flrespace, whilst it can be turned over outwards to 
allow the spent shale to fall into the firos])aco. The four retorts 
are 4 jreferably charged and drawn at separately efiuidistant i)eriods. 
More or less of the permanent gas formed dtiring the distillation 
may be led into the lirespaco to aid the <',ombu.stion. Any number 
of retorts may bo arranged in one oven, cither horizontal or 
inclined.” 

1873, .Inly 12. No. 2407. 

MELDKUM, Edward, of Eechmont, Linlithgow. “ Iinpromne.nts in 
the, inaniifurtiire if and prodiirliim if jiaral/me oil.” —“ The coal or shalo 
is to be distilled from a cujiola or furnace similar to a blast furnace, 
30 constructed and arranged that the non condensable or permanent 
gases from such distillation may be introduced above the place 
T^here air is admitted, so that any free oxygon may combine with 
such gas before coming in contact with the products of distillation, 
and thus prevent their oxidation and destruction, A brick fiumace 
(instead of iron as hitherto) is used, similar to an iron smelter’s 
cupola, or on a larger scale, similar to an iron worker’s blast furnace, 
admitting air at the bottom of the furnace to cause combustion of 
carbon in the sj>ont shale, and admit gas obtained from the .shale 
affseveral jdaces round the retort, from one to several feet above the 
air inlet, to ensure complete combustion and combination of the 
atmospheric oxygon and prevent destruction and oxidation of the 
products o? distillation, the said furnace being closed, and having 
exit pipes to carry oil' oil, vajmui', and gases to a condenser. Super¬ 
heated steam may be introduced into the upper portion of the 
distillatory apparatus, in order to carry forward the oil vapour to 
the condenser. The shalo in the furnree is distilled by the heat 
carried up by the products of combustion, regulated in such a 
maiper by admissio* of air and gas to cause low destructive dis¬ 
tillation, and thus formation of paraffine oil, in a sjtacc inside the 
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furnace immediately above the place of combustion, and regulated 
in such manner by admission of such gas that no oxygen can 
possibly j)ass upward to the place of distillation uncombined with 
carbon or hydrogen, the said gas being an incondensable product of 
distillation from the shale.” 

1874, May 23. No. 1824. 

BELL, .John, of Wishaw, Lanark. “ Imprmxiiwnts in distilling coal 
and sltak .” —“ A tubular retort fixed in a horizontal position or at 
a suitable angle is to bo employed. The retort contains a shaft so 
constructed that it may be made to revolve in bearings at each end 
of the retort, the said shaft carry portions of a screw thread and also 
flat blades, each portion of the screw thread consisting of one 
complete turn of the screw, the flat blades and screw thread to 
alternate along the shaft. The edge of the screw and the blades 
are to be made so as to nearly touch the inner surface of the retort 
but yet revolve easily. The portions of the screw are to move the 
charge onward from one end to the other of the retort, and the 
blades are to turn it over repeatedly on its way. The screw blades 
are perforated to allow the gases generated to pass along the retort 
to the eduction pipe. The shaft is to be revolved by a revolving 
tangent screw or other power. The distillable material is to be 
either roughly ground or reduced to a fine grain, as may be found 
necessary; and the retort ought never to contain much more tha'ii 
half the quantity that could be forced into it. The gases are 
condensed in the usual way.” 

1874, July 29. No. 2642. 

TWEDDLE, Herbert Wilkin CoLQunouN, of New York and 
London. “ Imprcmemnts in tlie manufactwe of paraffine and litbrkaM.ig 
oiis .”— “ A still is to be used heated directly or indirectly by fire 
heat. In this still are dry steam pipes, and a steam pipe perforated 
for the admission of common steam, superheated, or decomposed 
steam as may be desired. The dry steam pipes may be dispensed 
with. The said still is connected hy suitable pipes to a pjjmp. To 
produce a vacuum in the still, and draw off the products of distilla¬ 
tion, there is a condenser between the pump and the stilL Crude 
petroleums of 33“ to 50° B. at 60° F. are taken, and the distillate 
taken off as follows: first distillate from 62“ k) 63,° B. residue put 
in vacuum still, ajid take off 38 to 46 per cent, illuminating"oil 
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collected in one receiver; then 20 to 30 per cent, more distillate is 
coUected in another. The residual oils are dark green in colour, 
have little odour, and contain no separated carbon and are useful 
for lubricating purposes. The third distillate is to be chilled, and 
the paraffin separated by pressure. The oil after this can be 
purified by simple exposure to sunlight, or can be refined by re¬ 
distillation and a slight chemical treatment. The retort is to be 
made of wrought or cast iron, and has an upright cylinder with a 
perforated diaphragm, or two or more, in the interior through which 
the vapour from the still must pass to come in contact with the 
water injected or drawn in by the vacuum maintained therein. 
The water and oil separate on condensation in a pipe which must 
he ^ least 32 to 40 feet below the exit from the condenser where 
the oil is drawn off in a water seal or trap. The oil is drawn off by 
its appropriate pipe to the pump which m.aintains the vacuum, and 
pumps the oil into a suitable receiver. The oil, after expressing 
the paraffine, will be found to have great viscidity in relation to its 
specific gravity 30° to 34° 15., and it has hardly any odour, coloM 
or fluorescence by reflected light.” 

1875, September 7. No. 3137. 

YOUNG, William, of Clippens, Renfrew.shire. “ Imprmv.mmU in 
olkuuimj hydruairhon vapmirs farm gam, and in the, apparahm emplm/ed 
tkerefor." —“A vertical tower or chamber constructed of metallic 
iron or other material is employed. This is to be divided into two 
compartments by an arch of brick or other non-conducting sub¬ 
stance. The upper compartment is filled with coke in the same 
manner as ordinary coke towers at present in use, while the lower 
compartment is arranged in the same tvay as a ‘ Coffey ’ still. {Vide 
No. 1393 of 1865.) Into the bottom of this comjmrtment or a 
still a jiipe conveying live or exhaust steam is mtroduced. From 
the top of the still or compartment there is connected a pipe leading 
any convenient condensing arrangement. The gases containing 
the diffuSei vapours are passed into the bottom of and up through 
the coke in the upper compartment, at the same time the oil for 
effecting J^e absorption is drawn from a tank and pumfied into the 
coke compartment, and over the surface of the coke, which oil, 
as it ^aduaHy^escends absorbs the hydrocarbon vapours, and the 
gases as they ascend become denuded, and are then drawn off by a 
pipe placed at Jhe ^op of the coke compartment. The heavy oil 
conSining the absorbed volatile hydrocarbon is_ drawn off at the 
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bottom of the coke compartment and conveyed by a pipe to a coil, 
placed in a vessel, through which the denuded hot oil from the still 
is jiassod. The gases and heavy oils may bo brought into contact 
under pressure. The gaso.s and oils are jmmped into the coke 
compartment, the denuded gases being allowed to escape into the 
outlet ])ipo by a weighted safety valve (or their expansive force may 
bo used to assist in j)umping a fresh jxn tion of .saturated oil into the 
coke compartment), the saturated oils being drawn olf at the base by 
a regulated ball cock. An ordinary still may bo used, but the 
‘Cofley’ is |)reforred for a continuous process, and the heat of a 
fire may be used in place of steam.” 


1875, November 12. No. 39.3t. 

BENNIE, tlKORfiK, of (lla.sgow, Lanark. Imjrrnn'mcnU in retmii 
and tiu’.ir JUtinij.f and ajipurteiMiurs amwdnl therewith for the, didillat'um 
of ahate, nml, ami other hilmniauns .‘iiihstiine.ep’ —“I erect a set of long 
vortical retorts, preferably four (or one to six), made .slightly tapered 
or conical from the throat or neck of the charging filler at top to 
the largei- discharging mouth at bottom, in pairs parallel transversely 
and as close as their hop 2 )ers or flanges will allow within a rect¬ 
angular arched stove, furnace, or heating chambers, in brickwork, 
and carried by the ni)i>er flange and lower snugs or collars on each 
upon the U 2 )])er and lower set of three strong transverse iron bars, 
or equivalent 2 dates built into the brickwork forming the heating 
chamber, with the lower mouth some considerable distance above a 
duplex movable fire grate or set of hinged furnace bars, below each 
pair of retorts, ranged parallolly to each other acros.s the lower jjart 
of the heating chamber, and sufficiently above a transverse passage, 
to allow the trucks or boxes on wheel frames to receive the ashes 
and remove them, and which run on rails or guide 23lates laid at tl o 
bottom of this passage. The retorts are charged ftdl of the broken 
up shale into the annular S 2 )ace, between their inner surface and the 
0 ])en central gas conducting tube, from the bottom to tb?. top of the 
latter, and are then heated through from the outside by the heat 
generated within the chamber, at first by coal, coke or pther fuel 
charged on the hearth through the furnace mouth and closing doors, 
in the middle of the opposite sides of the brickwork,*J'4,'iiu aftefJvards 
cither wholly or partially by the residuary hot ash and solid uncon¬ 
sumed carbon discharged at the outlet doors^f ^le retorts after 
the gas and oil hav.c all been distilled off.” 
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1876, May 12th. No. 1998. 

HUMFREY, Charles, Hough Green, Chester, Cheshire, England. 
“Improved method of treating mineral oiht." —“I first submit the oil 
(shale, coal, petroleum &c.) to a careful fractional distillation, and 
collect the heavy portion of the pro<luct. Instead of mechanical 
agitation of the oil with chemicals as has heretofore been the jwac- 
tice, I force a large stream of compressed air through a pipe at or 
near the bottom of the vessel, by which a thorough and complete 
agitation is caused, and a considerable oxydizing effect is produced, 
powerfully aiding the action of the chemicals used, at the same time 
the great volume of air passing through carries off all traces of low 
gravity and boiling points, the result being lubricating oil jmssessing 
raofe body and higher flash j)oint than any mineral lubricating oils 
heretofore made, making it especially adapted for lubric.ating the 
pistons, slido'valvcs, and other parts of marine and other engines.” 

1877, March 29. No. 1246. 

YOUNG, William, of Clippens, Renfrewshire. “ Imprm!eme.nU in 
the, destnictioe, dklUlatimi of u>al, dV.”—“The improvements consist 
of:—First. In producing or inducing the decomjiosition or destruc¬ 
tive distillation of coal, shale, and other bituminous substances, 
used for the production of gas by causing a rapid agitation or circu¬ 
lation of the volatile products inside the retorts or other distilling 
«r decomposing vessel, either by means of mechanical pistons or by 
the agency of jets of comiirossed gas, steam, or vapour, with the 
object of bringing about a more regular or equal decomposition into 
oil or permanent gas ;us may be desired of the elements of the coal 
or other .sub.stanco, and in some cases increasing the volume of gases 
by the decomposition of .steam or other vapours, employed to pro¬ 
duce the current, and also by blending or combining, or carburetting 
tlfe gases injected (to produce the cuiTonts) whilst in rajud agitation 
or circulation, in contact with the products of decomposition. The 
rhtorts or distilling vessels may bo set either vertically or horizon¬ 
tally, provided that arrangements are made for a rapid agitation of 
the proilucts of .distillation through or over the substance ■ being 
or to be #listillcd. Second. In improved means of producing a 
rapid Reparation of those hydrocarbons from the crude gases, which 
it is desirable teft-emove in the liquid foim, and at the same time in 
retaining in the gases, those hydrocarbons, which are valuable as 
beinj^f high illuminating power. This is accomplished by causing 
the gas to go through naiTOw passages kept he.ttcd, these passages 
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being preferably of a tortuous nature, causing the gas to flow alter¬ 
nately from side to side, or by causing the crude gases to impinge in 
narrow minute streams against heated surfaces ; or alternately the 
gases may be highly heated, and passed through narrow passages, or 
impinged against surfaces, whilst in this heated state ; or by distri¬ 
buting the gases and causing them to pass through small tubes or 
perforations in a series of trays containing the condensed tars or 
other matters, these latter being ke{)t in a heated state. Third. 
In sealing or luting the cover or door of retorts or distilling 
vessels, more particularly shale retort doors, by having the door and 
retort mouth turned, planed or otherwise faced, or a groove either 
in the door or retort mouth, or in both, in which steam or com- 
jn'cssed gas is paa.sed at a jmessure exceeding that inside the retort 
or distilling ve.ssel. Fourth. In so arranging the method of con¬ 
ducting the distillation of shale, &c., for (ul, that the chiirging and 
discharging doors may be closed by lids or covers similar to that 
employed in coal gas manufacture, and known as Morton’s self 
scaling lids. This part of the improvement is effected by having 
the outlet for the products of distillation placed immediately at the 
doors or openings of the retorts, so that any air that may find its 
way into the retort does not require to pass through the substance 
being distilled, and at the same lime the outlet is kejit so low that 
any oil condensed on the lid runs into it, an exhaust being preferably 
kept on the retort during the time it is used.” 

1880, February 10. No. 571. 

HADDON, H. J., of Westminster, for Elijah Weston, Buffalo, New ' 
York. “hupnm'.itienl); ill oil stills .”—“The shell of the still may bo 
set in brickwork, connected in the usiial manner with the uptake. 
The shell is cylindrical in form, and prodded with a series of fire 
tubes, distributed at about ecjual distances from each other, passing 
longitudinally through the same, and connecting the combustion 
chamber and uptake. A sliding grate is arranged within the com¬ 
bustion chamber, to operate to clo.se the upper tiers . >f fire tubes 
when .the quantity of oil within the still has been reduced by evapo- 
rization below the level thereof. The partition plates, (which are 
generally made of thin sheet iion or steel) aie bent to conform to 
the contour of the adjacent heating surface. TkMJiP’jrlates''shou]d 
be located at such distance from the heating surfaces as to permit a 
free circulation, and contain sufficient oil il^ thq space separated 
to prevent burning, and to cover the heating surfaces. Different 
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kinds and densities of oil will require greater or less space to effect 
the above conditions, which may he readily determined in practice. 
The function of the partition plates is to separate that portion of 
the oil next the heating surface from the remaining and greater 
portion, which causes a variation in the temperature of the soi)aratod 
portions. The jxirtion next the heating surface being of higher 
temperature, naturally rises, and its place is supplied from below by 
the outer part. This action causes a constant circulation, and 
causes every portion contained in the still to flow in a reduced 
quantity in direct contact with the heating surfaces, so that every 
particle of the oil is subjected to the highest degree of heat con¬ 
tained in the still, which [)roduces a rapid and perfect volatilization. 
Tie receptacles for collecting the products are not described, being 
too well known to be needful.” 

1880, April 17. No. l.')78. 

YOUNGr, W 1 LI.IAM, of Clippons, Renfrew. “ Improvmmnis in the 
deKtructive didillation of slmle for the ohtainment of mineral oil, and in 
the apparaUi.'s or means cmplot/ed therefor." —“The object of these 
improvements is to bring about economies in the use of the fuel 
employed in the destructive distillation of shales which do not 
contain sufficient carbon for their distillation. The air supplied to 
the shale, coke and coal is first heated by passing it through a series 
of regenerative passages connccto<l with the ovens or rotoits, which 
passages are so ai-ranged that they arc heated by the waste products 
of combustion of the fuel used to heat the retorts, and by the gas, 
coal, or other fuel used to supplement the heat from the carbon in 
the shale coke. Instead of using the coal commingled with the 
shale coke, I use it in a supplementary furnace, separate from the 
combustion chamber, but communicating with the oven or chamber 
♦n which the retorts are sot; or I first convert the solid fuel into 
gas, and burn this gas in the combustion chamber, or in the supple- 
'montarv chamber connected with the oven. To obtain a supply 
of steam'bconomically I use the waste steam resulting from the 
manufacture of sulphate of ammonia from the liquors obtained in 
distillinj^ the shale, or waste steam from other sources. To cause 
the^asto steam to pass through the retorts, I either exhaust them 
so that the st^m may be drawn through them, or blow it through 
them by moans of a steam jet, the steam so drawn or forced, being 
hea.^d to free it fnari moisture, and prevent its chilling the contents 
of the retorts. This steam in passing through the retorts acts in the 

X 2 



3o8 mineral oils AND BY-PRODUCTS. 


■well known manner of washing out volatile products and forming 
ammonia with the nitrogen. The doors of the retorts and chambers 
are to be made in one piece to open or shut together.” 

1880, August 6. No. 3218. 

IMKAY, John, London; for Reiner Rieth, Bonn, Germany. 
(Provisional protection only.) “An improved metlwd and apparatus 
for didiUimj hydrocarhons from coal, shale, and other carlionacemis 
matter." —“ The coal or carbonaceous matter to be treated is placed 
in a retort and heated to a moderate heat. The retort has opening 
from it two ])ipes, an inlet and an outlet pipe, the outlet pipe 
leads to coolers, in which the products of distillation are partially 
condensed, the condensed matters being collected in suitable vessels 
with which the coolers communicate. The uncondensed portions of 
the products are drawn by a pump or fan, and caused to pass again 
through the retort in contiict with the heated carbonaceous matter, 
from which they take up a fresh portion of condensable matter, and 
thus the j)roducts of distillation are caused to circulate through the 
retort atid the coolers until the material in the retort is exhausted. 

1881, April 12. No. 1875. 

YOUNG, WrLLiAM, Soafield House, Lasswade, Midlothian. “Im¬ 
provements in the manufacture of mineral oil ami ammania .”—“ The oil 
is to be distilled olf in one retort at a low temperature, and there¬ 
after the residue is to bo transferred to a second retort, heated to a 
considerably higher temperature ; or the oi)oration may be performed 
in one long retort, so divided that the shale shall be distilled free of 
its oil at one end and the di.stillation for ammonia completed at the 
other end, steam being employed for liberating the ammonia at the 
hot end.” 

1881, May 18. No. 2169. 

BEILBY, Gkorge Thomas, of Mid Calder, Midlothian. “Improve^ 
ments in distilling shale, d'c., and in apparatus therefor.”-ipaa retort' 
employed in carrying out the invention is a tube, which may be 
inclined, but is preferably vertical, and the upper part of i* is made 
of iron, and the lower part of fire clay. The upper end at whiyh the 
shale is introduced is closed by a door or by the biSniary hopper 
and bell, and the lower end is closed by a door, or it may be 
continued by an iron tube dipping a few inches into water. ,,The 
exit pipe for the oil vajmur is connected to the upper iron part of' 
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the retort. The retort is built singly or with others in an oven 
heated by a coal, coke, or gas furnace, the fire gases being led by 
flues so as to first act on the lower fire clay parts and keep them 
at a bright red heat. The partly exhausted fire gases or portions of 
them are subsequently passed in contact with the upper iron parts 
of the retorts if found necessary. A current of steam is j)assed into 
the retorts, being introduced at the lower jiarts thereof. As the 
shale or other mineral gradually moves down each retort it is at 
the upper j)art subjected to a moderate temjjerature suitaV)le for 
yielding oil in the best manner, the di.stillatiou being effected by the 
heat of the vapours or gases rising from the lower part of the retort, 
either alone or with some a])plication of external heat. By the time 
the material descends to the fire clay portion of the retort it will 
have yielded up all or most of its oil, and then application of the 
greater heat will cause it to give a greater yield of ammonia than 
is obtained with retorts constructed, arranged, and worked in the 
usual way.” 

1881, October 3. No. 4284. 

BEILBY, Gkokum Thoma.s, of Mid Calder, Midlothian. ‘'Improve- 
menis in didilUng shale, <£r., and in apparattis Uurefor," —“The upper 
parts of the retorts are suspended by moans of> coimterweighted 
levers, or otherwise suitably held up, so that their weight or a large 
part of it does not re.st on the lower parts, which are subjected to 
the higher heat, and thereby rendered liable to injury by suporin- 
sumbent weight. The retorts are also held in the brickwork in a 
manner to .allow of their exjian.sion or contraction by temperature 
changes without causing injurious strain; that is to say, the upper 
parts arc not rigidly fixed but are left free to move to the necessary 
axtent through the openings in the brickwork or supports. The 
fttorts are preferably of circular section, and of small dimensions, 
being placed comparatively close together, and each group of four is 
provided with a single feeding hopper at the top, saving labour and 
sxpense, Whilst a single pipe connected to the hopper piece serves 
for leading off the oil from all four retorts. The fire gases are led 
from the«spaces in which they act on the retorts into one or more 
ihaqjbors or^ovens, in which is placed apparatus, for generating and 
superheating ti® steam which is passed into the retorts, for assisting 
;he separation of the oil, but more especially for assisting the 
sepajjition of the anjnonia after the oil, or nearly all the oil, has come 
iff. The steam heating-apjiaratus consists principally of horizontal 
[or nearly so) tubes of malleable iron or steel arranged in one or 
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more vertical seta, those of each set being connected at alternate 
ends by elbow pieces to form one continuous serpentine course from 
top to bottom. The tubes are filled (or partly so) with pieces of 
iron borings, &c.; and the water is injected into the upj)ermost tube 
of each set in a small continuous stream, regulated according to the 
quantity of steam required. The steam thus made is superheated 
as it passes onwards, the borings, &c., giving a great surface, thus 
rendering apparatus of a small size very efficient.” 

1882, August 9, No. 3792. 

MITTING, Ebenezer Kinnard, Rye, Sussex (Eng.). "■ Im- 

p-cnminnh in the production of distillates from Kimriicridge shales.”— 

“ The retorts are of any of the usual shapes, either vertically or 
horizontally set in brickwork, heated by fire or gas. The shale is 
to be broken up in any convenient manner, and placed in the 
retorts. When the Kimmoridge shale is thus gradually heated in 
the closed retorts, the fir.st products are, ammoniacal liquor, 
tar, and a small quantity of permanent gas. These products are 
carried off, by a pipe, inserted conveniently at the back of the 
retort, but not higher than the top of the retort. This pipe 
leads to the coil of a condenser of ordinary construction, but 
with a very large conden.sing surface, and a ‘ drag ’ or partial 
vactium is created in it by an exhausting steam jet, or by the 
usual mechanical gas exhauster. As soon as the temperature 
of the retort has reached 210° to 2.')0° C., I introduce steam 
into the retort at any convenient pressure; and so regulated 
in quantity as not to materially reduce the temperature of the 
retort; the steam may also be superheated. The pipe is made 
zigzag or spiral in shape, iind is perforated at the end to allow of 
the exit of the steam. The steam is introduced at this stage and 
during the remainder of the operation, to assist it, and to absorb or 
decompose certain noxious bases, and carry them over in solution,' 
which would else be taken up by the distilled oils, thus'T-end'ering” 
them difficultly purifiable. When the temperature reaches dull red 
heat no more tiir will come off, and the distillation is finished. The 
retort is allowed to cool below visible red heat, when the carl^gna- 
ceous residue is quickly drawn from it into a shefeo iron cylinder 
with tight fitting lid, to prevent absorption of gases and impurities 
fro^ the air while cooling. The retorts may be so arranged^fhat 
the operation is continuous, i.e. the shale may be fed in at one end 
aAd the residue taken out at the other.” 
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JAMESON, John, Akenside Hill, Newcastle upon Tyne, “/wi- 
prmenunts in dri/ di4illation.” —“ The shale &c. is placed in a 
reverberatory furnace, and the gas or other vapors, exhausted 
downwards through the base of such furnace.” 


1883, January 20. No. 335. 

WALKER, Bf.hnard Peard, of Birmingham; and BENNETT, 
James Alfred Beresford, of King’s Heath, Worcostenshire. 
“ Improvements in appandas used fur the. di.slitlMiiin of r/ml, shale, and 
other similar suhstancejt." —“This invention consists of a horizontal 
retort, the lower part of which is semi-circular in transverse section, 
but the upper part is not limited to any jtarticular form. The 
retort is provided with a mouthpiece at each end, and at the top of 
the front end there is attached a hop[)or, from which the coal or 
shale is fed into the retort. This hopper may be furnished with a 
feeding screw in connection with a source of motion, and may or 
may not bo j)artially or wholly surrounded with a water jacket. 
The back end of the retort also has a mouthpiece to the u])por part 
of which is fixed the pipe for conveying away the gas or hydro¬ 
carbon vapour, and from the lower part of which depends a chute, 
^terminating in a largo receptacle for the roco](tion of the coke or 
ash, capable of being opened and closed by a gastight door. 
Extending the whole length of the retort, and projecting through 
stuffing boxes in, and beyond the mouthpiece at each end, is a 
hollow cast or wrought iron shaft. The part of the shaft within 
the retort has formed around it a screw made up of segments or 
otherwise, and so placed that the lower part of the screw comes 
pearly into contact with the bottom of the retort. The front end 
of the shaft outside the mouthjriecc has a spur wheel, jrinion or 
.worm, through the intervention of which the shaft may be made to 
revolve •Ipv any suitable motive power. The opposite end of the 
shaft has a pij)e attached to it by which the heated air passing 
through the shaft may be conveyed to the furnace. By this means 
the furifaco is su])plied with heated air while the shaft is kept 
suffliiently to prevent it from bending. If found necessary 
provision may bo made for the attachment of an iron plate 
extending the whole length of the upper part of the inside of the 
retoft and is so ilhrangod as to be removed and re inserted or 
renewed from time to time. The action of the apjiaratus is as 
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follows: The retort being heated by the ordinary or other suitable 
form of furnace, the hojipcr being supplied with coal &c., and the 
jacket supplied with water, on motion being imparted to the screw, 
the coal will fall or bo fed bom the hopper into the mouthpiece, and 
from thence by the revolution of the screw in the retort it will be 
slowly propelled to the back end thereof, and in the course of its 
transit will yield up its gas or hydrocarbon vapours which will be 
conveyed away by the pii)c at the back of the retort, while the coke 
will fall into the receptacle constructed for it, and be removed at 
convenient times.” 

1883, February 1. No. 540. 

HENDERSON, Noriun M'Fautane, of Broxburn, Linlithgow. 
" Impnwemitnts in nfining <rr distiUmj minrnd oih and in apj/amtas 
thmfor .”—“ The invention may ho applied in the treatment of 
various kinds of mineral oils and at various stages of the refining 
process. In one arrangement of the apparatus for treating shale or 
coal oil after it has undergone one di.stil]ation suliserjucnt to its 
obtainment by destructive distillation from the shale or coal there 
arc arranged in connection three horizontal cylindrical stills placed 
near together and heated by ordinary furnaces a convenient size 
for these stills being 7 feet in diameter by about 19 feet in length. 
Each still is fitted with an outlet or discharge pipe in the bottom at 
one end, and an inlet pipe enters the still at the same end of the, 
still at a higher level, but is continued inside the still to the other 
end, so that the actual inlet may be as far as possible from the 
outlet in ciich case. Both inlet and outlet orifices 0 [)en upwards, 
provided with safety plug valves for closing them. Each still is 
formed with the usual vajwur dome or chest into which the vola¬ 
tilized oil rises and from which it passes into a long horizontal cylin¬ 
der or pipe wherein its heat is utilized in raising the temperature of 
the oil Iroing continually fed into the first of the three stills. The oil 
supplied to the first still is passed through the feed heaters of all 
three stills, and is fed in continuously; and whilst the diafftliation is 
proceeding in each of the three stills, there is a continuous trans¬ 
ference of oil from the first to the second, and from the second to 
the third still, and from the third to one or more re.sidue stills. 
The temperature maintained in the second still is W^kfcr than'' che 
first, and the third higher than the second; in consequonjJe of which 
■the oils vaporized in the several stills are of different specific 
gravities, but the oil vaporized in or distilled over from each still 
is always of on equality or gravity so long as the feed and the heats 
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applied to the several stills are properly regulated. In the first 
still the oil fed in enters at a suitable distance from the bottom 
whilst the oil which is transferred from the bottom of the first 
still enters the second still at a suitable distance from the bottom, 
the oil from the second to the third also enters it at a suitoblo 
height above the bottom. In the third still as there is a tendency 
for coke or adhesive carbonaceous matter to separate from the oil, 
there are fitted certain jjiates or dishes to promote the circulation 
of the oil, and to form recejkacles for the coke so that it shall not 
adhere to the bottom of the still. Two or more residue stills are 
preferably provided with each set of three connected stills, so that 
while one of the residue stills is being cleaned out there may be no 
inlcrru[)tion in the continuous action of the throe stills.” 

1883, February 28. No. 1087. 

BAliltOW, .John, Clayton, near Manchester. “Improved mode, of 
and arnuiffcmeiil of apiaratnr for effreUng dk!ilhdimi of coal, nitale, iron- 
sloiie aiul organic, nulmtanres.’’ —“My invention has reference to the 
arrangements of retorts, and the application of heating substances, 
so that variation and gradual increase of temperature may be easily 
attained. The charging of retorts, and working off are effected in a 
successive manner, the internal and external heat being progressive, 
and under control of the operator, so as at will to bo either 
increased or decreased. The retorts are arranged side by side, 
and back to back, in two long rows, the retorts being so connected 
as to form a continuous series,—or that the series in plan represents 
a flattened circle, or an oval. The retorts are worked in sets of 
two, three or more, the first retort of one set becoming, after work¬ 
ing off, the last of the succeeding sot, thus;—1, 2,3, 4; 1, 2, 3, 4; 
1, 2, 3, 4; second working 4, 1, 2, 3; 4, 1, 2, 3 ; 4, 1, 2, 3; third 
working 3, 4, 1, 2; 3, 4, 1, 2 ; 3, 4, 1, 2 ; and so on round the 
whole series. By reducing the number of retorts in each set from 
4 t® a>,i can increase the temperature of the sot of retorts, and 
by increasing the number of retorts from 4 to C, or 8, I can 
reduce the temperature of the set, the internal and external heating 
gases Saving a greater or less distance to travel, and a greater or 
iSo quantitj’;,^ material to heat. As fuel for external heat, I prefer 
to use the gases generated in the retort after all the more valuable 
constituents have been removed, but I can use the residual coke or ■ 
otlTer fuel. Thert! is provided a system or arrangement of taps, or 
valves and dampers, whereby I am enabled to »ui)ply the gas (mixed 
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with a due proportion of air and ignited) to the first retort of the 
set, making the heat thus generated pass round in succession the 
remaining retorts of the set, before escaping to the main flue. 
When tlie chai'ge is finished, the gas is slmt oft’ from the first retort, 
which after being recharged, becomes the last of the succeeding set, 
and the gas being applied to the next in the set which now becomes 
the first. The gases are carried through the whole series before 
being condensed, one pipe sufficing for the gases from the whole 
set.” 


1883, April 28. No. 2149. 


CROSSLEY, William, of Glasgow, Lanark. (Provisional protection 
only.) “ Improvements in distilling slude and other minmds, to obtain 
oil ami other useful 2 >rodur,ts ; ami in apparatus therefor.” —“In carrying 
out this invention the distillation is eft'ected in a chamber or vessel 
which is not heated externally, but by means of steam which is very 
highly superheated, and is passed through and amongst the shale or 
other minerals. The distilling vessel may bo of large size, is by 
preference of a vertical cylindrical form, and built of firebrick with 
an external iron shell or casing; and it is provided with a double 
valved hopper at the top for introducing the mineral in a practically 
continuous manner and with one or more doors or other suitable 
outlets at the bottom for withdrawing the earthy residues. With 
each distilling vessel there are combined two heaters or chambers 
for heating the steam, each of these being a cylindrical iron vessel 
lined with fii'ebrick, and containing checkerwork or openly arranged 
firebricks or any suitable refractory heat storing material. Each 
heater is prepared for heating the steam by there being burned in it 
some of the permanent gases formed in the distillatory process or 
some combustible gas separately proflucod for the purpose, the 
necessary air for its combustion being admitted or forced into the 
heater along with the gas or by different inlets. When the interior 
of one heater is sufficiently hot the supply of gas and air is stopped, 
and steam from say an ordinary boiler may be pas.sod into,„’t. . At 
the same time the gas and air are turned into the other heater 
and burned in it to prepare it to heat the steam, they being used 
alternately. The highly heated steam acts on the shale &c., and 
causes the evolution of vapours of oil, tar, amme^i .and sotijo 
permanent giis, and these products are led from the upper part of 
tl^e apparatus to suitable condensers. In some cases it may , be 
advantageous to pass some air into the vessel either -rtfith the stesim 
orsejiarately.’ 
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1883, July 23. No. 3604. 

PATTINSON, Hugh Lee, of Felling, Durhiim. “Improvements in 
apparatus for distilling coal or other like substances in order to obtain 
products therefrom.’’ —The same as No. 553 of 1883, except that, the 
retorts terminate at 7 feet from the base of producer instead of 
) feet. 

1883, July 30. No. 3725. 

IRVINE, Charles McLaren, Blackwood, Lanark; and SLATER, 
Robert, of Blackhoath, Kent. “ Imjnvvenients in the treatment of 
bikminmts shales largely impregnated with sulphur and in obtaining 
wdduets therefrom." —“Our invention relates to the treatment of 
ihale containing large quantities of sulphur like the shales ob¬ 
tained from the oolite system present in largo quantities in 
Kemmoridge in Dorsetshire. This shale has at present boon 
distilled at a high temperature, its products being almost valueless 
whilst the foul smell given off in such jwocoss has become a public 
nuisance. By our invention we remedy this by using the 
sulphuretted comjjounds by obtaining sulphur and other marketable 
products by proceeding as follows:—We take such shale or shales 
containing large quantities of sulj)hur combined with the orgiinic or 
inorganic matters present and distil such shales at a low heat (as 
used to treat ordinary oil yielding shales) without but preferably 
with the aj)plication of steam, and condense the watery and oily 
distillates in the usual manner. We then conduct from the retorts 
in which the distillation is effected the gases generated consisting 
of incondensable hydrocarbons and sulphur comjwunds principally 
sulphuretted hydrogen and treat them in one of the following ways: 
1st. Wo simply burn the gases, and employ the sulphurous acid 
produced for the making of sulphuric acid in the usual well-known 
manner. 2nd. We mix sulphurous acid gaseous or in solution 
in water, with those gases containing sulj)hurettod hydrogen or 
sulphuAi^is acid gas and steam, the result being their mutual decom¬ 
position and the formation of water atid elimination of free sulphur. 
The necessary sulphurous acid may' bo obtained by burning a certain 
projiorflon of the gases containing the giises already described, and 
Tiffil iiig the -r^ducts of combustion (containing sulphurous acid) 
with the other portions of the gases produced from the distillation. 
By adopting this method we purify the hydro-carbons, and can 
utilize thus purflied either for heating or lighting. 3rd. We 
employ oxides of iron such as are usually used for the purpose of 
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gas purification, which oxides absorb the sulphuretted hydrogen 
and fix the sulj)hur and we then employ it for the manufaeture 
of sulphuric acid by first burning it to produce sulphurous acid 
and then combining it with nitrous fumes.” 

1883, December 13. No. 5724. 

COUPEE, Peter, Edinburgh; and KAE, Martin, Middleton Hall, 
Linlithgow. “ ImprmemeMh in the (UdUhttion of real, nhak, mid other 
carbotuicemK snbs1ane.es yieUing hydroenrhous mill nitrogenmis ampmnds, 
and in the apparatus or means emphnjed therefor.’’ —“This invention 
has for its objects the obtaining of high percentage products and 
to utilise the heat giving properties of the said substances prior'to 
the imconsumable ash or earthy portions of them being discharged 
from the retort or distilling chamber. To effect this object there is 
formed below the retort a chamlrer, jireferably of fire brick and of 
larger capacity for example twice, thrice, or a greater number of even 
capacities of the retort itself. At such times as it becomes necessary 
to recharge the retort, sufficient ash is withdrawn by moans of a 
door in the under jiart of the chamber to allow the hot and partially 
exl^usted chai-ge in the retort to sink into the chamber jireferably 
corresponding to the level corre.sjxinding to the top of the chamber. 
One or more jets of steam is or are admitted into the lower part of 
the etdargod distilling chamber and which are preferably arranged so 
as to draw in the quantity of air necessary for securing the combus¬ 
tion and distillation hereafter described. The retort constituting the 
upper part of this apparatus is heated partly from surroimding flues 
or any other suitable manner, and partly by heat escaping from the 
enlarged chamber below. The distillation continued in this lower 
chamber is not efiected by means of flues or other outside heat but 
by the combustion conducted within the chamlier itself and mainly < 
of the organic matters remaining in the substance. It is preferable 
that this enlarged chamber be an even number of times the capacity 
of the retort, but not absolutely necessary. The products of distilla¬ 
tion are withdrawn from the upper part of the retort.” 

1883, December 27. No. 5873. 

HENDEESON, Norman M'Farlane, Broxburn,' Linlithgow. 
“ Improvements in obtaining oil and gas from minerals and iti apparatus 
therefor." —“ In carrying out the invention accordftig to one modifi¬ 
cation vertical retorts- arc constructed in rows, two rows forming a 
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bench. When shale or other oil yielding material is being operated 
upon and the principal object is to obtain oil, the mineral is dealt 
■with in the following manner in each pair of retorts. Fresh shale 
is filled into the retort at one side, and for a suitable time is 
subjected to a comparatively low temperature to obtain the oil in the 
best manner. When the material hiis become reduced to “spent 
shale” or coke, a much greater heat is .applied to it and highly 
superheated steam is injected into it in order to decompose the coke 
and drive off most of the remaining ciirbon and the ammonia. At an 
interval of time equal to about one half the time occupied by the 
two stages of the treatment of the mineral in one retort, fresh shale 
is filled into the retort at the other side of the bench, and the highly 
heated gases and vapours produced by the 2nd process in the one 
retort are led through the fresh minerals in the other.” 

1884, April 8. No. 6094. 

rOUNG, Wii.i.iAM, of Priorsford, Peebles; and BEILBY, George 
Thomas, of Mid Oalder, Midlothian. “ Tmjrrovcvunts in the disiilhtwn 
tf mimnd Ms, ami in the a/ijiaratiis employed iherefor." —“ The guiding 
principles on which our process and arrangements are founded 
are (First) continuous distillation, (Second) the utilization of the 
heat from the fuel, employed to effect the distillation, in such a 
manner that the high temperature where the combustion is effective 
is maxle to di.stil the oils having a high boiling point, and that as 
the products of combustion lose heat by distilling the said oils they 
are made successively to distil the more volatile oils, so that by 
the time they reach the flue leading to the chimney stack the heat 
has been fully utilized; (Third) the sep.aration of the oil vapours 
arising from the oils of different densities as they flow from the 
hotter end of the still; (Fourth) the conjoined heating and partial 
distillation of the oils on the way to the still, and the condensation 
of the oil vapours coming from the still in such a manner that the 
cold oil flowing to the still will first act as the condensing agent for 
the fnoft> volatile vapours from the still, and that as the oil becomes 
gra<)ually heated, it will be made to act successively as the condensing 
mediui^ of the hea'vier and less volatile vapours and by being 
tlji^s heated and applied will act as a means of further fractionating 
the oils and aTItho same time conserve the heat of the oil vapours. 
The still which we employ to carry out the process of distillation 
emjjfacing thqge ^ssential features is so constructed that the oils 
which are to be distilled are made to flow in a tortuous mannw 
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either horizontally or vertically by means of divisions in the still, 
and the vapours arising from the oils flowing in this tortuous 
manner are isolated in the different stages of the flow, by means 
of partitions hanging from the roof of the still and dipping into the 
oil, the oil vapours being driiwn off and conveyed to the combined 
condensers by a still head and connecting j)ipe. The distillation may 
be continued for considerable periods when the oil is clear and nearly 
all volatile, but when the oils contain solid matters in suspension or 
solution, the residues must be drawn off' from the still’s last division 
whilst they are in a liquid state, and treated in separate residue 
stills. A still, having the aforesaid character, may be of various 
forms, but the form we find most convenient is a long cylinder of 
malleable iron built in brickwork in the usual manner, but having 
rollers or other ])rovision to allow of the cxjiansion duo to the 
extra length. In cases w’here the oil has a tendoucy to deposit upon 
the walls of the still, the still may be built up of cast iron segments 
bolted together, and a stirrer m.ay be made to rotate and keep the 
solid matters from being deposited. The still in whatever way con¬ 
structed is heated so that the firogiises travel along the bottom and 
sides of the still, in the oj)posito direction to the flow of the oil 
undergoing distillation. The best condenser and heater combined 
consist- of a vessel containing a number of vertical tubes, fixed into 
the bottom of .said vessel, undenieath being a chamber to collect the 
condensed oils.” 

•1884, April 8. No. 8409. 

YOUNG, WiLT.iAM, of I’riorsford, Peebles; and BEILBY, George 
Thomas, Mid Caldor. “ Inqrromnmts in tlyt didiUatmi of mineral oils, 
their residues, ami tan, and in the apparatus ewpihijeil therefor.” —“The 
apjjaratus for carrying out this invention consists of a vessel con¬ 
taining a seqies of shelves or trays placed over each other, all being 
built of malleable or cast iron. The oils, their residues or tarf 
are made to flow down from tray to tray of the arrangement, whilst 
a current of su{)erhcated steam is made to flow upwards and effect' 
the distillation of the oils, their residues or tars. The tray?are^lled* 
with broken materials such as iron balls, coke, &c., exposing a large 
surface.” 

1884, September 11. No. 12,286.^ 

DOW, Peter, of Whitelees, Lanark. “ Imjiroremeids in retorts for 
distilling shale, coal, and other svhstances.” —“The invqption relates to 
the use of steam and air for distilling purposes in tile vertical retorts. 
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in the lower part or chamber of such retorts. A vertical steam pipe 
is placed at the exterior of each retort, and such steam pipe is 
provided with a series of branches at different levels, each such 
branch having also upon it a valve or cock for opening or closing 
the admission of steam as required.—A further valve or cock is also 
provided in each case for opening or closing the admission of air. 
A spy hole with a shutter is also formed in the said retorts in the 
neighbourhood of the several branches for the purpose of inspecting 
the state of the material at dittorent levels in the retort.” 

1885, May 16. No. 6048. 

AITKEN, IIknhy, of h’alkirk, Stirling. “ Impm'ements in ilie treat- 
imn,t (if ciirhiKKimtiin, 141 iimiiidm, eidmreoM and other suhtaiwes to obtain 
products iherefrom.”— “The invention consists in sending either all 
gaseous or volatile products, or a portion thereof, resulting from the 
substance undergoing combustion or di.stillation into the vessels or 
chambci s tliomselvoa ; or gaseous or combustible products obtained 
from .‘in external source may be used. The gaseous products, by 
being wholly or partly burnt in the vessels or chambers, increase the 
temperature within the same and thus effect the distillation or 
burning in such vessels or chambers of subsfcinces which are not 
ea.sily burnt or distilled by the heat produced therein by the intro¬ 
duction of air or steam or air. The gaseous protlucts may be 
(admitted to the chambers or vessels either mixed with the air or 
steam or air and steam or they may be admitted either at the same 
level or at one or .several points either above or below that at which 
the air or steam or air and steam arc admitted.” 

1885, October 29. No. 13,014. 

jHENDEKSON, Norman M‘Faiilane, Broxburn, Linlithgow. 
“ Improvements in apparatus for distilling shale or other mineral oil or 
petroleum .”—“ In carrying out my invention the distilling processes 
, are •cminlucted in a continuous manner and so as to obtain more 
uniform results than when the oil is dealt tvith in separate and 
distinct charges. One form is what is known as a wagon shaped 
still foP the primary one, and two secondary stills one each side of 
ilTOf ..he same^hape. The primary still is connected by pipes and 
stop-valves with the secondary stills; and each of these two are con¬ 
nected by 'pipes and stop valves, svith two or more coking stills, 
wh!/Sh last are^isdH in rotation, one being cleaned while the other is 
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in use. The primary and secondary stills are heated by furnaces 
built so that the legs or lateral deefier parts are built into walls and 
protected from the direct fire heat. The fire grate is preferably 
placed in a low position between the two walls carrying the still, 
the space above the grate and between it and the concave bottom 
of the still serving as a combustion chamber and tending to prevent 
smoke. From the combustion chamber the firegases pass along 
under the concavity of the still from the front end to the back end 
returning by flues at the sides and finally descending by vertical 
flues to underground flues leading to the chimney. In the primary 
still the oil operated on enters by a vertical feed pipe just dipping 
below the top surface of the oil, whilst in each secondary still, the 
oil enters by a horizontal feed pipe situated at a short distaupa 
above the top of the concavity of the still bottom, the feed pipe 
entering the still at one end, and delivering the oil at the other end. 
In such cases as a small quantity only being distilled the secondary 
stills may be abolished, the primary one connecting direct to the 
coking stills.” 

1886, November 15. No. 14,8'10. 

YOUNG, John, Stoke on Trent. “ InprovenKtiis in carhonmng or 
disliUing mil or shale.” —“My invention consists in adding to the 
coal or shale, after it is placed in the retorts for distillation, common 
salt to the extent of 4 lbs. avoirdupois to every ton of coal, 
shale &c. The products residtiug are much more easily freed 
from sulphur compounds; the ammoniacal products are increased in 
quantity.” 

1886, December 2. No. 1.5,772. 

TENNENT, Robert Browne, Whifflet, Coatbridge, Lanark. 
“ Impmremsnts in the deMnuiiw, dktillaiion of sTude ami other minerals 
and in retorts therefor.” —“ The improvements as applied to a bench, 
of four or any greater number in a parallel row of close retorts, 
are arranged vertically, each preferably of a rectangular shape 
inside and outside in horizontal section, and having tlv::r vails 
mostly built of fireclay bricks of equal thickness throughout the body 
part, so as to bo heated by flame flues surrounding this, which is 
strengthened by niunerous odd bricks across the surrounding ver¬ 
tical flues to stay and keep the walls in proper shap". ‘Each refoit 
is formed or fitted with a cast iron filling or charging top case and 
mouth-piece built into the brickwork and extending down to the 
neck of the brick retort^thc body part of which tapers or wSons 
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out on all the four sides towards the bottom like an obelisk. From 
this straight wide part however the discharge end is curved at right 
angles to the body, within the strong basement brickwork and lower 
part of the main outer front walls enclosing the whole set of 4 or 
more retorts when they are extended in lino. This curving out 
discharge end is cased with iron on the lower side, and contracted 
on the upper curved side towards a rectangular cast iron discharging 
mouth piece with ordinary closing and opening doors, and secured 
to the front walls on opposite sides, at a convenient height off the 
floor level to deliver the spent material. Each pair of retorts so 
constructed (preferably 8 to 12 times their width in height) are 
built back to back in the transverse direction, with their discharge 
lower ends curved or branching outwards on opposite sides from 
each other through their respective front side walls, and over their 
hot air and gas distributing and uniting flues and pipes ranged in 
the basement brickwork below each pair of retorts which they have 
to supply and heat.” 


1887, May 31. No. 7867. 

FRASEK, William Milligan, and SNODGRASS, James, Pum- 
pherston, Midlothian. “ Improvements in primary distilling apparatus 
for shale &c ."—“ Each retort on one side of a bench is dealt with as 
a pair with the retort adjacent to it on the other side of the bench 
•nd the lower brickwork parts of each pair of retorts are built of 
a form which is rectangular or approximately so in horizontal 
section, the compartments for the two retorts being separated from 
each other by a comparatively thin brickwork partition which has no 
flues passing through it. Flues are formed round the pair of lower 
parts for the passage of ignited gas to heat them, such gas finding 
its way into the oven space in which the upper part of the retorts 
ire placed, and from thence finally to a chimney. In this way 
^overheating the middle adjacent parts of the two lower retort 
’spaces of a pair is avoided and the formation of clinker at those 
fwrts^s j5Fevented, whilst the ignited heating gas is better used on 
the three sides of each retort space. The heating is in effect more 
uniform ^across the retort spaces, the treatment of the material 
m(^ equal ^ and complete, and its descent more regular. The 
retorts at the silhie time are rendered more durable, whilst the cost 
for repairs and maintenance are lessened. These improvements are 
applicable to ret«rt$ at present in use, as well as in the building of 
new retorts.” 
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1888, July 7. No. 9893. 

JONES, Jakes, Dalmeny Oil Works, Linlithgow. “Impromnenis 
in vertical or inclined retorts for distilling shale." —“One modification of 
the invention consists in constructing that portion of the underside 
of the discharge orifice or month piece more or less approximately 
flat or at a slightly obtuse angle with the vertical axis of the 
retort. Another way the discharge orifice is formed in a con¬ 
tinuous incline from the line of its junction with the bottom of the 
retort to the discharge door.” 


1889, June 14. No. 9783. 

INKEEMAN, Alexander Neilson, Renfrew, and BLACK, 
Wm., Stanrigg, Airdrie, Lanark. “Improvements in distilling shale, 
coal Ac. and in retorts." —“The improved retort or chamber is 
built of firebrick in the form of a large cylinder and preferably 
encased by a shell of sheet iron to excnde air. A hopper is fixed on 
the top, to which the sheet iron is securely jointed. A door or doors 
may also be jointed to the shell at the bottom for drawing oif refuse 
from the retort. At or immediately above the lower doors a jet of 
steam is introduced, and also a supply of air, both of which may be 
regulated according to the heat required. The retorts may be built 
singly or in groups. The retort when applied to shale distillationc 
for oil &c., is preferably built vertical and is of great height and large 
dimensions, and it may be oblong at the bottom, tapering slightly, 
and regularly, narrower towards the top. The action of the retort 
is practically continuous, a portion being drawn from the bottom, 
and a fresh portion charged at the top at regular intervals. The 
contents of one retort may be as much as 60 tons or more, ^ or 
thereabouts being drawn from it and an equal quantity added> 
daily, thus ensuring the material to be under the action of the 
heated vapours or gases for 4 or 5 days. The outlet or outlets for' 
vapours are at the top part of the retort. The partially sjient'shal^ 
is burnt at the bottom by the steam and air the hot vapours and 
gases from which pass up through the mass of fresh shale jvhereby 
the oil products are distilled under the most favourable cire^n- 
stances. In cases where carbon is deficient in the sfbnt material^ 
maintain the desired heat) a small quantity of coke-breeze, cinder, 
or anthracite coal may be charged along with material ^ing 
operated on.” 
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1889, March 16. No. 4597. 

YOUNG, William, Priorsford, Peebles, and BEILBY, George 
Thomas, Slateford, Midlothian. “Improvements in the distillation of 
mineral oils and apparatus therefor." —“ An arrangement suitable for 
the continuous distillation of oils when a high temperature has to 
be employed as with oils in a crude state or after their grosser 
impurities have been removed by a treatment with acid and alkali, 
consists of a vertical ‘cylindrical’ dome covered still composed of 
outer and inner shells of such dimensions that the annular space 
between them is just sufficiently wide to admit of access for cleaning. 
The whole shell is built of malleable iron or steel plates with the 
eifteption of the dome shaped crown of the inner shell which is the 
part exposed to the greatest heat and is preferably made of cast 
iron. The annular space between the shells is divided into compart¬ 
ments by horizontal partitions. These compartments communicate 
with each other and with the chamber between the outer and inner 
domes, by means of covered tubular openings which trap the vapours 
as they are evolved from the oil and allow them to pass up through 
the oil contained in the upper chamber. There are also other 
openings through the partition for the passage of the oil. These 
openings are arranged to cause the oil to travel in a circuitous 
course round the annular compartments and through the upper 
chamber. The residue is drawn off from the upper chamber into 
other stills in which it is distilled to dryness. Steam may be used 
to assist the distillation of the vapours, but in far less quantity than is 
generally used, because the more volatile oils partly serve the same 
purpose as steam. The oil vapours are condensers as explained in 
Patent No. 6094 of 1884. Stills constructed and worked in the 
above described manner may be worked in a series of two or more.” 

1889, June 24. No. 10,277. 

pEWAd. James, Cambridge; and REDWOOD, Boverton, 
Finchley. “Improvements in the distillation of mineral oUs and in 
apparatus for that purpose.” —“We arrange a suitable boiler and a 
condensdf in free communication with each other, without inter-' 
pofitg any valvp^between them, but we provide a regulated outlet 
for condensed liquid from the condenser. We charge and keep 
charged the* space in the boiler and condenser that is not occupied 
by liqftid with gas finder considerable pressure, it may be with air, 
'but preferably with carbonic acid gas, or other gas that cannot act 

y42 
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chemically on the matter treated. The distillation and condensation 
being thus conducted under considerable pressure, which can be 
regulated at will, we obtain from heavy (petroleum) residuum a 
quantity of more or less light oil suitable for illuminating purposes, 
which cannot bo obtained by distilling under atmospheric pressure. 
A suitable valve should be provided for drawing off any incondens¬ 
able gases. We may also arrange the top part of the apparatus so 
as to ‘ crack ’ the oil, but at a high pressure instead of at atmospheric 
pressure as is usual." 


1889, August 17. No. 13,016. 

DEWAR, James, and REDWOOD, Boverton. “Improvements 
in distillation of mineral oils, and in apparatus therefor.” —“ To obtain 
heavy oils of high viscosity needing little subsequent purifica¬ 
tion we conduct the distillation under a regulated pressure lower 
than that of the atmosphere in a current of air or other gas that 
cannot act chemically on the matter treated, our arrangements 
being such that the distillation is continuous. The retort and 2 
receiving vessels are all connected with an air pump. The retort is 
provided with the necessary pipes for the admission of the air or 
other gas, and also a pipe as an inlet for the oil to be distilled.” 


1889, October 31. No. 17,232. 

HENDERSON, Norman M'Farlane, Broxburn Works, Linlithgow. 
—“ In my invention for distilling lubricating oils from residues &o. 
I employ a still of circular form in plan, having a hemispherical 
cast iron bottom with an upper part of wrought iron or steel aijd 
of an enlarged diameter. The still is supported on walls with th* 
still bottom at some distance above the fire grate; and steam is 
superheated by the same fire, being passed through a coil,of .pipii^ 
arranged round the upper part of the furnace space, such upper 
part being larger than the fuel space. The superheated steam passes 

• into the still through a continuation of the piping, which inside 
of the still is arranged in coils two or three of vAich lie in a^ori- 

• ^ntal plane close to the bottom of the upper eiuarged part of the 
'Still, and from these coils the piping is continued in 'two or three 
coils extending downwards near the sides of the ^ower parfof 
still which is of smaller diameter. From the end of the 'coils 
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referred to the pipe is led upwards and out of the upper part of the 
still to regulating valves and thence again enters the still and 
proceeds nearly to the bottom where it issues among the oil and 
assists in the usual way. The steam is highly heated when first 
entering the still but in passing through the coil it yields part of 
its heat in an efiectivo but non-injurious manner through the 
pipes to the oil, and when it finally enters openly amongst the oil 
its temperature has become suitably reduced. The various parts of 
the piping are provided with suitable valves externally so that 
steam can be led into the oil direct, as it is desirable to shut off the 
steam from the coils when the oil in the still has become lowered to 
a certain extent.” 
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Eetvydls and wax, method of ex¬ 
tracting wax foom, 140 


Heavy residuum stills, method of ftac- 
tionating distillate from, 139 
Hendetson’s method of continuous 
distillation, 198 

-of continuous distillation, bad 

features of, 198 
-of cooling, 150 

— retorts, see Betorts 

— sweating apparatus, 163 
High Fossil oil work, 22 

Holmes Oil Co., Limited, 18, 22, 30 
Horizontal retort, large size D, 60 
-setting, 61 

— retorts, see Retorts 
Hurlford oil work, 22 
Hutches, 56 

Huchinson’s oil work, 24 
Hydraulic press, 155 
Hydnicarboiis, 46 


Injectors for burning oil, 187 
Inkerman oil work, 17, 26 
Inverkeithen Oil Works Co., 9, 24 
— retorts, 12 


Johnstone oil work, 17 


Kilwihnino oil work, 24 
Kirk’s vertical retort, see Retorts 
Kirkwood, oil work at, 14, 24 


Laboratory and works results, dif¬ 
ference between, 249 

— (Chapter VIIL), 214 

— cold press, 239 

— condenser, 237 

— puri6cation, corrections nectssaiy 

for, 245 

-details of, 241# 

—— form for reporting results, 247 
-of crude oil, 237 

— stm, 237 • 
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Laboratorj vise press, 238, 239 
Lanark Oil Co., Limited, 18,19, 24 
Lanark oil work, 24 
Lanemark oil work, 24 
Latent heat of oils, 200 
Leavenseat oil work, 24 
Lighthouse burning oil, 138 
Limerigg oil work, 24 
Linlithgow Oil Co., Limited, 18, 24 

— — — — losses of, 30 
Livingstone’s (Dr.) connection with 

Addiewell works, 11 
Loans and debentures compared with 
original capital, 30 
Lochgelly oil work, 24 
Low Fossil oil work, 24 
Lubricating oil distillates, 142 
-Sfiecific heat of, 200 

— — treatment, 142 

— oils, method of raising flash point 

of, 142 


Maoat and Baxter’s method of cool¬ 
ing, 150 

.Marine burning oil, 138 
’ McBeath’s retort, 69 
MoCutchon’s cooler, 153 

— proposal for cheapening coat of 

steam for retorts, 93 

— steam superheater for stills, 114 
McLagan’s Oil Works, 14 
Meldrum, 2 

I Melting points, determination of, 
. 223 

— — of crude scale, 140 

— TT mixtures of wax, calonla- 

‘ tions for, 224 

-of mixtures of wax and 

^ stearine, 225 

f — of stearine, peculiarity of, 224 
ethyl coaT, see Coal 
Methyl Paraffin Oil Co., 24 
-- paraffin'oil work, 11 
Hid8alderOilC4.,d5,24 


Midlothian Oil Co., Limited, 17, 24 

-amalgamation with Clip- 

pens, 19 

Millbum oil work, 18,24 
Miller & Son’s oil work, 8 


Naphtha &om air condenser, see 
Air condenser 
— treatment, &c., 143 
Nimmo & Son’s oil work, 12 
Normal paraffins, boiling points of, 259 

-chemical formulse of, 260 

-preparation of, 257 

North British Oil and Candle Co., 12, 
24 


Oaebahe Oil Co., Limited, 15, 24 

-work, 8, 24 

Oil burners, 187 

Oil in wax, determination of, 228 

— traps, 210 

— Companies, list of, with dates, &c., 

20 

-total number that have been 

in existence, 28 
Oily bases, 49 

-effect of, on oils, 60 

-extraction of, 256 

-from cracker boxes, 187 

Olefines, 49, 52 

Old Monkland oil work, 24 

Once run oil or distillate, 124 

-treatment, 131 

Origin of Scotch oil trade, 1 

— of shale oil industry, 3 
Over Fossil oil work, 24 


Page & Co.’s oil work, 24 
Paraffin oil work, 24 
— wax, see Wax 

Paraffins, normal, see Normal paraf¬ 
fins 

Fathhead oil work, 24 
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Paul and Grey’s oil work, 9,24 
Pentland oil work, 17, 24 

— Retorts, see Retorts, Toung and 

Beilby 
Phenols, 49 

— effect on oils, 50 

— extraction of, 253 
Philipstonn oil work, 18, 24 
Photometric tests of burning oil 

fractions, 230 
Port Dundas oil work, 24 
Practical (Chapter IV.), 54 
Press cloths, analysis of, 250 

— filter, 156 

— hydraulic, 155 

— laboratory, 239 
Pressed oil, treatment of, 141 
Pressing, 146 

— theory of, 159 
Pressure stills, see Stills 
Products from crude oil, 124 
-shale, 97 

Pumpherston Oil Co., Limited, 18,24 
-Co.’s losses, 30 


Recovebed add, 205 
-method of obtaining, 205 

— soda, 206 

Residuum stills, method of fractio¬ 
nating, 139 
Refining, 110 

— theory of, 48 

Relations between cold test and vis¬ 
cosity, 221 

-specific gravity and viscosity, 

221 

Retort condensers, see Air condensers 
Retorting, fallacy of too long, 78 

— first advancements in, 68 

— special advancement in, 71 

— theory of, 46 

—: V. refining, improvements in, 28 
Retorts, amount of vacuum in gas 
mains, 94 

•— auxiliwy apparatus, 93 


Retorts, Ballantine’s, 12 

— Beilby’s, 81 

-method of working, 82 

-objectionable features of, 83 

—principal features of, 83 

-yields, &c., from, compared 

with Henderson’s and ver¬ 
tical, 83 

— Bell’s horizontal, 60 

— Cowan’s horizontal, 60 

— explosion doors for gas mains of, 

92 

— forms of, first used, 5 

— gas from, see Gas 

— Griffith’s, 14 

— Henderson, improvement in near¬ 

ing, 76 

-fallacy in using spent shale as 

fuel in, 75 

-favourable features of, 76 

-fuel used in, 74 

-hourly yield from, 77 

-labour required, 74 

-life of, 78 

-method of working, 72 

-objectionable features ofi 76 

-reduction of fuel for, 76 

-shale charges for, 78 

-strength of ammonia water 

from, 189 

— — versus vertical, comparison of 

yields, &c., from, 79 

— horizontal versus vertical, cost of 

working, 62 

-market values of pro¬ 
ducts from, 63 

-yield of finished products 

from, 63 , t 

-yields of crude oil. Sec., 

from, 62 

— Inverkeithen’s, 12 

— Kirk’s vertical, 59, 64_ 

-Galietly’s#mprovement of, 

68 ‘ 

-method of working, 64, 

— large sized D Bbnzontal, 60 
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Retorts, M^Boath’s, 69 

— method of charging, 57 
—result of using steam in, 67 

— setting for horizontal, 61 

— vertical, capacity • f, 66 

-fuel used in, 68 

-labour required, 74 

-life of, 68 

-shale charges for, 66 

- versus Henderson, 79 

li-versus horizontal, see Retorts, 

horizontal versus verticai 
_Jyoung and Beilby’s, 84 

-claims made for, 86 

-— coal, 87 

-cost of working, 90 

-erroneously reported large 

yields of ammonia 
from, 91 

-exceptional size of, 89 

-hazardous working of, 

89 

-life of, 89 

-McCntchon’s proposal 

for cheapening cost of 
steam used in, 93 

-shale charges for, 89 

-special novelty, 87 

- versus HenderBon’s,steam 

used in, 93 

-strength of ammonia 

water from, 189 

- V. Henderson’s, yields of 

crude oil, &c. from, 90 

- V. Henderson’s, yields of 

finished products from, 

90 

—^ - V. Henderson’s, yields of 

scale and lubricating 
oil from, 91 

— Yjpng’s horizontal D, 57 

-vertical, 58 

-fkults^, 58 

-‘improved, 58 

— when‘steam was first used in, 67 
Rif gend chemkai and oil work, 24 


Roachsole’s oil work, 24 
Rosin oil, test for, 232 . 

Ross oil work, 24 

Ross & Co. (Philipstoun oil work), 
18, 24 

Roughcraig oil work, 24 
Rowatt and Yovdl oil work, 24 


Sacking, analysis of, 250 
Scale, crude, 140 

-early methods of extracting, 

155 

-melting points of, 140 

— determination of dirt in, 228 

-of oil in, 228 

-of water in, 229 

Scottish Mineral Oil Association, 34 
Seafield, oil works at, 17 
Second stage oil stills, method of 
fractionating distillate 
from, 133 

-treatment, 135 

Secret oil work, 6 
Separator for oil and water, 97 
Setting point, 215 

-and percentage of wax, relation 

between, 217 

-and viscosity, relation between, 

221 

Sevinhill oil work, 26 
Sosewell oil work, 24 
Shale and coal, difference between, 
41 

— breaker, 54 
-why used, 65 

— chemical composition of, 45 

— cooling pond for spent, 108 

— curly, 42 

— Dennet, 15 

— distillation, general outlines of, 

54 

— distilled per annum, 28 

— fields, boundaries of, 38 

— leafy or scaly, 42 

— plain, 42 
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Shale oil aanufacture, diagram of, 166 

— products from, 97 

— proof that oil does not exist in, 

46 

— relatire yields from, 168 

— seams, names of principal, 40 

-sectional diagram of, 39 

-sectional diagram of, references 

to, 40 

-thickness of principal, 40 

— theory of distillation of, 46, 48 
Shales, chemical composition of 

spent, 45, 48 

— specific gravity of, 44 

— widely diverging characters of, 

42 

— yields of crude oil from, 42 
Shand’s oil work, 26 
Shareholders’ poor prospects, 30 
Shares, depreciation in, 32 
Shettleston Oil and Chemical Com* 

pany, 26, 32 
Shott’s oil work, 12, 26 
Simpson’s oil work (Benhar), 9,16 

-(Oakbank), 8 

-(Uphall and Sterlaw), 14 

Smith Brothers and Murling, oil 
work, 18 

Soda coke, see Coke 

— reootery, cylinder process, 206 
-tower process, 208 

— stills, method of fractionating, 

141 

— tar, 49,126 

-recovery of soda from, 206 

-cost of apparatus, 209 

SoUdi0?ing point, 214 
Specific heat, &c. of shale products, 
200 

— gravity compared with Twd. and 

B4., 261 

Spent ammonia water, 189 

— shale, 45, 48 
Standard Oil Co., 33 
Stanrigg oil work, 26 
Steatates,'test for, 232 


Stearine, determination of melting 
point of, 224 

— melting points of admixtures of, 

with wax, 225 
Steam, see Retorts and Stills 
Steel’s oil work, 10 
Sterlaw Oil Co., 26 

— oil work, 15, 26 
Stewartfield oil work, 26 
Stewart’s oil work, 26 
Still-ends, see Chrysene 

Stills, first stage, method of fractio¬ 
nating distillate from, 132 

— second stage, method of fracti^ 

nating distillate from, 133 

— third stage heavy, method of 

fractionating distillate 
from, 136 

-light oil, method of fractio¬ 
nating distillate from, 135 

— fourth stage, method of fractio¬ 

nating distillate from, 139 

— ammonia, 173 

— burning oil, construction of, 121 

— capacity of, steam and labour items 

relating to, 195 

— condenser, danger from too long \ 

cooling, 119 

-regulation of water supply for, 

119 

— crude and heavy oil, 112 

— feed, 133 

— forms of, first used, 110 

— gas from, 125 

— gasoline, 143 

-method of fractionating distil¬ 
late from, 145 

— gradual improvements in, V.O • 

— heavy residuum, 139 

— laboratory, 237 

— lives, &o. of, 191 

— or worm house, 121 

— pressure, 195 f. 

-construction of, 19 

-method of working, 196 

— — yields from, fdrf 
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Stilla, regulation of distillation by 
steam, 118 

— room to be left for expansion when 

charging, 117 

— separators used in connection with, 

116 

— soda, method of fractionating dis¬ 

tillate from, 141 

— steam used in, 112, 193 

— steam used in, MoCutchon’s 

method of superheating, 115 

-in, methods of superheating, 

114 

Straiten Oil Co., Limited, 17, 26 
Sft Bollox oil work, 26 
Strother’s oil work, 26 
Sweating process for wax refining, 
163 

-Henderson’s, 163 


Tab, see Acid and Soda tar 
Taylor’s oil work, 26 
Theoretical, general (Chapter III.), 
46 

Third stage heavy oil stills, method 
of fractionating distillate 
from, 136 

-light oil stills, method of frac¬ 
tionating distillate from, 185 
Thirlstone oil work, 26 
Torbanhill mineral, 3 
Trap for oil, 210 
Treated oils, acid left in, 204 
Treating, acid used in, 49 
* — agitator, centrifugal stirrer for, 127 
, — agitators, old and present styles 
of, 126 

•—afr ilfrsus mechanical agitation, 
203 

caution for, 50 

— data^Chapter VII.), 203 

— theory of/49,126 

— verstts diatiUatiSB, 248 
Treatment df first stage oils, 133 

— onecond stags 135 


Treatment, of burning oil, 137 

— of coke tower naphtha, 143 

— of lubricating oil, 142 

— of oils, modus operandi, 128 

— of once run oil, 131 

— of pressed oil, 141 

— of semi-refined air-condenser 

naphtha, 143 

— of small V. large quantities, 130 

— i;. distillation, 110 

Twaddell degrees compared with 
Beaumd and specific gravity, 261 

IJddingston Oil Co., 26 
Ufhall Oil Co., amalgamation of, 
with Young’s Co., 16,19 
-Limited, 16,26 

— oil work, 14,26 


Vacuum in gas mains of retorts, 94 
Yapoub density of shale oils, 200 
Vaseline, 52 

Viscosity, effect of heat on, 222 

— how to determine, 220 

— relation between specific gravity 

and, 221 

Vulcan oil work, 26 


Wateb discharge from works, Inci¬ 
dent connected with, 212 
Waterford Oil Co., 14 
Wax, dirt in, 228 

— how extracted, 146 

— refined, 162 

— refining, 160 

-by acid and soda, 160 

-by naphtha, 160 

-by sweating, 163 

-char used in, 165 

-char, when first used for, 166 

— see Scale 

— semi-refined, 162 

— water in, 229 
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Wax, when first separated, 6 

— when first used as article of 

commerce, 6 

Waxes, causes of differences between, 
52 

— different oliaiaoteristios of, 53 

— specific heat of, 200 

— specific gravity of, 250 
Walkinshaw Oil Co., Limited, 17, 26 
-amalgamation of, with 

Hermand Oil Co., 19 
Water discharge from works, 210 
Waterford oil work, 14 
West Calder Oil Co., 9, 26 
Westfield Oil Co., Limited, 18, 26 
Westlothian Oil Co., Limited, 18, 26 
Whiterigg oil work, 26 


Yields, see Crude oil, Ammonia and 
Eetorts 

Yoimg and Beilby’s retorts, see 
Retorts 

— Jas., life of, 1 

Young, Meldrum and Bennie, con¬ 
tract of copartnery between, 
5 

Young’s cooling drum, 147 

— (Jas.) retorts, 57, 58 

— Paraffin Light and Mineral Oil 

Co., Limited, 12,26 
, Amalgamation with Uphall 
Oil Co., 16,19 
losses, 30 

— (Wm.) coke tower naphtha appa¬ 

ratus, 107 
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Theory of Arches and Suspension Bridges. By J. Melan 
and p. B. Steinman, C.E., Ph.D. Demy 8vo, 303 pp., 
118 illus. {New York, 1913.) 15s. net. Postage: inland, 
5<i.; abroad, lod. 

Plate Girder Railway Bridges. By M. Fitzmaurice. 
4 plates, 104 pp., 8vo. (IS 95 .) 6s. net. 

Pocket Book of Calculations in Stresses. By E. M. George. 
66 illus., 140 pp., royal 32mo, half roan. {1895.) 3s. 6i. net. 

Tables for Roof Framing. By G. D. Insklp. Second 
^edition, 207 pp., 8vo, leather. {New York, 1913.) los. 6(f. net. 

Str^^s in Girder and Roof Frames, for both dead and 
live loads, by simple Multiplication, etc. By F. R. John- 

* ^n. 28 plates, 215 pp., crown 8vo. {1894.) 6s. net, 

^ Graphical Method for Swing Bridges. By B. F. La Rue. 
4 plales, X04 pp., i8mo, boards. Second Edition. {New 
YorS) 1%4.) 2s. 6 d. net. 
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Notes on Cylinder Bridge Piers and the Well System of 
Foundations. By J. Newman. i44pp.,8vo. (1893.) 6s. 
net. 

Calculation of Columns. By T. Nielsen. 4 plates, 36 pp., 
8vo. {1911.) 4s. 6d. net. 

A New Method of Graphic Statics applied in the Construc¬ 
tion of Wrought Iron Girders. By E. Olander. 16 plates, 
small folio. {1887.) los. 6d. net. 

Steel Bar and Plate Tables. Giving Weight of a Lineal 
Foot of all sizes of L and T Bars, Flat Bars, Plates, Square 
and Round Bars. By E. Read. On large folding card. 
IS. net. 

Reference Book for Statical Calculations. By F. Ru:^. 

With diagrams, 140 pp., crown 8 vo. {1906.) 5s. net. 
Suspension Bridges and Cantilevers. By D. B. Stein- 
mann. vii 185 pp., i 8 mo. boards. (Van Nostrand 
Series, No. 127.) {New York, 191k) 2s. 6d. net. 

The Anatomy of Bridgework. By W. H. Thorpe. 103 
illus., 190 pp., crown 8vo. {1914.) 6s. net. 

CEMENT AND CONCRETE 

Portland Cement, its Manufacture, Testing and Use. By 

D. B. Butler. Third edition, 135 illus., including 17 

plates, xii -1- 450 pp., 8vo. {1913.) 16s. net. 

Theory of Steel-Concrete Arches and of Vaulted Struc-* 
tures. By W. Cain. P'ifth ed., 27 illus., 212 pp., i8mo, 
boards. {New York, 1909.) 2s. 6rf. net. 

Reinforced Concrete Construction. Elementary Course. 
By M. T. Cantell. 65 illus., 135 pp., crown 8vo. {1911.) 
4s. 6d. net. 

Reinforced Concrete Construction. Advanced Course. 
By M. T. Cantell. 242 illus., xvi -1- 240 pp., super 
royal 8vo. {1912.) 12s. 6d. net. • 

Graphical Reinforced Concrete Design. A series of Dia¬ 
grams on sheets (measuring 17J in. by 22J in.) for Design¬ 
ing and Checking. With 48-page pamphlet. By* J.* A.' 
Davenport. Complete in roll. {1911.) $s. net. 
Engineers’ Pocket Book of Reinforced Concrete B/ 

E. I,. Heidenreich, M.Am.S.Test.Mat., M.W..S.E* etc, 
i6mo, leather. 2nd Ed., 439 pp., 163 Illi^. {New York, 
1915.) 15s. net. Postage : inland, 4^.; abroad.'^. 
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Cement Users’ and Buyers’ Guide. By Calcare. 115 
pp., 32mo, cloth. (1901.) is. 6i. net. 

Diagrams for Designing Reinforced Concrete Structures. 
By G. F. Dodge. 31 illus., 104 pp., oblong folio. (Neui 
York, 1910.) 17s. net. 

Cements, Mortars, and Concretes; their Physical proper¬ 
ties. By M. S. Faik. 78 iUus., 176 pp., 8vo. (New York, 
1904.) los. 6i. net. 

Concrete Construction, Methods and Cost. By H. P. 
Gillette and C. S. Hill. 310 illus., 690 pp., 8vo. (New 
York, 1908.) £i 5 s. net. 

Works by A. A. HOUGHTON. 

• 

Practical Silo Construction. 18 illus., 69 pp., cr. 8vo. 

(S. & C. Series, No. 27.) (New York, 1911.) is. 6 d. net. 
Moulding Concrete Chimneys, Slate and Roof Tiles. 15 
illus., 61 pp., cr. 8vo. (S. & C. Series, No. 28.) (New 
York, 1911.) IS. 6 d. net. 

Moulding and Curing Ornamental Concrete. 5 illus., 58 pp., 
cr. 8vo. (S. & C. Series, No. 29.) (New York, 1911.) 
IS. 6 d. net. 

Concrete Wall Forms. 16 illus., 62 pp., cr. 8vo. (S. & C. 

Series, No. 30.) (New York, 1912.) is. 6<f. net. 
Concrete Monuments, Mausoleums and Burial Vaults. 
^ 18 illus., 65 pp., cr. 8vo. (S. & C. Series, No. 31.) (New 

York, 1911.) IS. 6 d. net. 

Concrete Floors and Sidewalks. 8 illus., 63 pp., cr. 8vo. 

(S. & C. Series, No. 32.) (New York, 1911.) is. 6 d. net. 
Moulding Concrete Baths, Tubs, Aquariums and Nata- 
torlums. 16 illus., 64 pp., cr. 8vo. (S. & C. Series, 
No. 33.) (New York, 1911.) is. 6 d. net. 

Concrete Bridges, Culverts, and Sewers. 14 illus., 58 pp., cr. 

8vo. (S.&C. Series, No. 34.) (New York, 1912.) is. 6 d. net. 
Constructing Concrete Porches. 18 illus., 62 pp., cr. 8vo. 

^(S. & C. Series, No. 35.) is. (d. net. 

'Moulding Concrete Flower-Pots, Boxes, Jardinieres, etc. 

8 illus., 52 pp., cr. 8vo. (S. & C. Series, No. 36.) 
• (Tiew York, 1912.) is. 6 d. net. 

Moulding. Concrete Fountains and Lawn Ornaments. 
14 illus., 54 pp., crown 8vo. (S. & C. Series, No. 37.) 
(New‘. York, 1912.) is. 6i. net. 
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Concrete and Reinforced Concrete. By H. A. Reid. 713 
illus., 884 pp., royal 8vo. (New York, 1907.) £1 3*. net. 

Specification for Concrete Flags. Issued by the Institution 
of Municipal and County Engineers. Folio, sewed. 
(1911.) 2 $. 6d. net. 

CIVIL ENGINEERING 

Canals, Surveying. 

(See also Irrigation and Water Supply.) 

Practical Hints to Young Engineers Employed on Indian 
Railways. By A. W. C. Addis. 14 illus., 154 pp., 
i2mo. (1910.) 3s. 6d. net. 

Levelling, Barometric, Trigonometric and Spirit. By I. O. 
Baker. Third edition. 15 illus., 145 pp., i8mo, boards. 
(New York, 1910.) 2 S. 6d. net. 

River and Canal Engineering. By E. S. Bellasis. 72 
illus., X + 220 pp., 8 vo. (1913.) 8s. 6i. net. 

Punjab Rivers and Works. By E. S. Bellasis. Second 
edition, 47 iUus., viii + 64 pp.. folio. (1912.) 8s. net. 

Notes on Instruments best suited for Engineering Field Work 
in India and the Colonies. By W. G, Bligh. 65 illus., 
218 pp., 8vo. (1974.) 5s. 6d. net. 

The Civil Engineers’ Cost Book. By Lieut.-Col. T. E. 
Coleman. Fcap. 8vo. Pocket size (6J X 3i in.), leather 
cloth. (1916.) 6s. net. Postage 4i. « 

Retaining Walls in Theory and Practice. By T. E. Cole¬ 
man. 104 illus., 160 pp., crown 8vo. (1914.) 5s, net. 

Barometrical Determination of Heights. By F.'J. B. 
Cordeiro.J- Second Edition, 26 pp., cr. 8vo.r (New -York, 
1917.) 2s. 6d. net. 

On Curved Masonry Dams. By W. B. Coventry. 8 vo, 
sewed. (1894.) 2s. 6d. net. 

A Practical Method of Determining the Profile of & Masonry 
Dam. By W.B. Coventry. 8 vo, sewed. (1894.) 2s.6d.net. 

The Stresses on Masonry Dams (oblique sections). , By 
W. B. Coventry. 8vo, sewed. (1894.) 2s. net. 

Handbook of Cost Data for Contractors and Engineers^ 
By H. P. Gillette. Second ed. 1,854 PP-- crow® 8vo, 
leather, gilt edges. (New York, 1914.) £1 4s. jiet. * 

High Masonry Dams. By E. S. Gould, md e4it. With 
illus., 88 pp., i 8 mo, boards. (New York, 1905.) 2 s. 64. net. 
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Railway Tunnelling in Heavy Ground. By C. Gripper. 
3 plates, 66 pp., royal 8vo. (1879.) ys. 6d. net. 

Levelling and its General Application. By Thomas 
Holloway. Revised by H. T. Tallack. Third ed. 71 
illus., 149pp., 8vo. (1914.) 2 S. 6 ( 1 . net. Postage: inland, 
4(1.; abroad, 6d. 

Waterways and Water Transport. By J. S, Jeans. 55 
illus., 520 pp., 8vo. (1890.) gs. net. 

Table of Barometrical Heights to 20,000 Feet, By Lieut.-Col. 
W. H. Mackesy. i plate, 24 pp., royal 32010. 3s. net. 

Aid Book to Engineering Enterprise. By E. Matheson. 
Third edition, illustrated, 916 pp., medium 8vo, buckram. 

• (1898.) £i 4s. net, 

Tacheometer Surveying. By M. E. Yorke Eliot, i Plate 
and 30 Illus., 158 pp., cr. 8vo. (1916.) 5s. net. Postage: 
inland, ^d. ; abroad, 6d. 

A Treatise on Surveying. By R. E. Middleton and O, 
Chadwick. Third edition, royal 8vo. (1911.) 

Part I. II plates, 162 illus., 285 pp. los. bd.'net. 

„ II. 152 illus. and 2 plates, 340 pp. los. OJ. net. 

A Pocket Book of Useful Formulae and Memoranda, for 
Civil and Mechanical Engineers. By Sir G. L. Molesworth 
and H. B. Molesworth. With an Electrical Supplement 
by W. H. Molesworth. Twenty-seventh edition, 800 

» Ulus., viii-I- 936 pp., oblong 32mo, leather. (1917.) 6s.net. 

The Pocket Books of Sir G. L. Molesworth and J. T. Hurst, 
printed on India paper and boimd in one vol. Royal 32mo, 
russia, gilt edges. 12s. 6d. net. 

Metallic Structures: Corrosion and Fouling and their 
Prevention. By J. Newman. 38 Illus., xii -h 374 pp., 
crown 8vo. (1896.) 9s. net. 

Scamping Tricks and Odd Knowledge occasionally prac- 

, tised Upon Public Works. By J. Newman. New imp., 
129 pp., crown 8vo. (1908.) 2 s. net. 

Co-;Oidinate Geometry applied to Land Surveying. By W. 
Puklngton. 5 illus., 44 pp., i2mo. (1909.) is. 6d. net. 

Pioneering. By F. Shelford. 14 Illus., 88 pp., crown 

* %vo. (1909.) 3.'!. net. 

Topdgraphical Surveying. By G. J. Specht. 4th edition, 
2 plates and 28 illus., 210 pp., i8mo, boards. (New 
Yorh 1910.) 2 S. 6d. net. 
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Spons’ Dictionary of Engineering, Civil, Mechanical, Mili¬ 
tary and Naval. io,ooo illus., 4,300 pp., super royal 8vo. 
(1874, Supplement issued in 1881.) Complete, in 4 vols. 
^3 3s. net. 

Surveying and Levelling Instruments. Theoretically and 
practically described. By W. F. Stanley. Revised by 
H. T. Tallack. Fourth ed. 433 illus., 606 pp. (1914.) 
ys. 6d. net. Postage: inland, 5d.; abroad, lod. 
Surveyor’s Handbook. By T. U. Taylor. 116 illus., 310 
pp., crown 8vo, leather, gilt edges. (New York, 1908.) 
8s. ()d. net. ' 

Logarithmic Land Measurement. By J. Wallace. 32 pp., 
royal 8vo, (1910.) 5s. net. *• 

Land Drainage. By J. L. Parsons. 36 illus., 22 tables, 165 
pp., 8vo. (New York, 1915.) ys. 6d. net. Postage: inland, 
4^.; abroad, M. 

The Drainage of Fens and Low Lands by Gravitation and 
Steam Power. By W.H. Wheeler. 8 plates, 175 pp., 8vo, 
(1888.) 12s. Gd. net. 

Stadia Surveying, the theory of Stadia Measurements. By 
A. Winslow. Ninth ed, 148 pp., i8mo, boards. (New 
York, 1913.) 2s. Gd. net. 

Handbook on Tacheometrical Surveying. By C. Xydis. 

55 illus., 3 plates, 63 pp., 8vo. (1909.) 6s. net. 

CURVE TABLES 

Grace’s Tables for Curves, with hints to young engineers. 

8 figures, 43 pp., oblong 8vo. (1908.) 5s. net. 

Data relating to Railway Curves and Super-elevations, 
shown graphically. By J. H. Haiste. On folding card for 
pocket use. Gd. net. 

Tables for setting-out Railway Curves. By C. P. Hog^ 
A series of cards in neat cloth case. 4s. Gd. net. 

Tables for setting out Curves for Railways, Roads. Cqnals^ 
etc. By A. Kennedy and R. W. Hackwood. 32mo. 
2s. net. 

Tables for Setting out Curves from loi to 5,000 fee^ radius. 

By H. A. Cutler and F. J. Edge. Royal 321110 . 2 S. n«t. 
Tables of Parabolic Curves for the use of Railway .Engineers, 
. and others. By G. T. Allen. Fcap. i6mo. net 
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Transition Curves. By W. G. Kox. Second edition, 8o pp., 
i8mo, boards. (New York.) 2s. 6d. net. 

DICTIONARIES 

Technological Dictionary in the English, Spanish, German 
and French Languages. By D. Carlos Huelin Y Arssu. 

Crown 8vo. 

Vol. 1. English-Spanish-Geeman-French. 609 pp. 
( 1906 .) los. 6d. net. 

Vol. 11. German-English-French-Spanish. 720 pp. 
( 1908 .) los. 6d. net. 

Vol. III. French-GeSman-Spanish-Engi.isii. In -pre¬ 
paration. 

Vol. IV. Spanish-Frencii-English-Geeman. 750 pp. 
( 1910 .) los. 6d. net. 

Dictionary of English and Spanish Technical and Com¬ 
mercial Terms. By W. Jackson. 164 pp., leap. 8vo. 
( 1911 .) 2S. 6d. net. 

English-French and French-English Dictionary of the 
Motor-Car, Cycle and Boat. By F. Lucas. 171 pp, 
crown 8vo. ( 1915 .) 2s. net. 

Spanish-English Dictionary of Mining Terms. By F. 

Lucas. 78 pp., 8vo. ( 1905 .) 5s. net. 

English-Russian and Russian-English Engineering Dic¬ 
tionary. By L. Meycliar. 100 pp., 161110 . ( 1909 .) 

2s. 6d. net. 

DOMESTIC ECONOMY 

Food Adulteration and its Detection. By J. P. Battershall. 

12 plates, 328 pp., demy 8vo. (New York, 1887 .) 15s. net. 
The Cooking Range, its Failings and Remedies. By F. Dye. 

52 pUy fcap. 8vo, sewed. ( 1888 .) 6d. net. 

'Spices and How to Know Them. By W. M. Gibbs. Witli 
47 plates, including 14 in colours, 179 pp., 8vo. (New York, 
• 19 f 9 .) 15s. net. 

The Kitchen Boiler and Water Pipes. By H. Grimshaw. 
» 8vo, sewed. ( 1887 .) is. net. 

Sponf Household Manual. 250 illus., 1,043 pp., demy 8vo. 
* ( 1902 :) 6s. net. 

Ditto 'ditto half-bound French morocco. 7s.6d.net. 
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The Ornamental Penmans’, Engravers’ and Sign Writers’ 
Pocket Book of Alphabets. By B. Alexander. New 
Impression. Oblong izmo, sewed. 6 d. net. 

Slide Valve Diagrams : a French Method for their Construc¬ 
tion. By L. Bankson. i8mo, boards. (New York, 
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A System of Easy Lettering. By J.H. Cromwell. Twelfth 
edition, 39 plates, oblong 8vo. (New York, 1912 .) 2s. 6i, 
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Key to the Theory and Methods of Linear Perspective, 
By C. W. Dymond, F.S.A. 6 plates, 32 pp., crown 8x0 
(S. & C. Series, No. 20.) ( 1910 .) is. 6i. net. 

Plane Geometrical Drawing. By R. C. Fawdry. Illus¬ 
trated, 185 pp., crown 8vo. ( 1901 .) 3s. net. 

Hints on Architectural Draughtsmanship. By G. W. T 
Hallatt. Fifth ed., 80 pp., fcap. 8vo. ( 1917 .) is. 6<f.net. 

A First Course of Mechanical Drawing (Tracing). By G 
Halliday. Oblong 4to, sewed. 2 S. net. 

A Text-Book of Graphic Statics. By C. W. Malcolm 
155 iUus., 316 pp., 8vo. (New York, 1909 .) 15s. net. 

Guide to Draughtsmanship. By W. Horace Smith. 4c 
illus. including 19 plates, viii + 98 pp., cr. 8vo. ( 1917 . 
2s. bd. net. Postage 4<f. ^ 

Drawings for Medium-sized Repetition Work. By R. D 
Spinney. 47 Ulus., 130 pp., 8vo. ( 1909 .) 3s. 6 d. net. 

Mathematical Drawing Instruments. By W. F. Stanley 
Seventh ed., 265 illus., 370 pp., cr. 8vo. ( 1900 .) 5s. net. 

EARTHWORK 

Tables for Computing the Contents of Earthwork in thi 
Cuttings and Embankments of Railwa}^. By W. Mac- 
gregor. i plate, 59 pp., royal 8vo. 6s. net. 

’Tables for facilitating the Calculation of EartllWorks 
By D. Cunningham. 120 pp., royal 8vo. los. 6 d. net 

Grace’s Earthwork Tables. 36 double-page tables, 4t& 
I2S. 6 d. net. . «> 

Earthwork Slips and Subsidences on Puji>lic Works. B; 
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Journal of the Institution of Electrical Engineers. Edited 
by P. F. Rowell, Secretary. Issued in from 12 to 16 
quarto parts annually. Annual Subscription, 46s. post free, 
payable in advance. Single copies, 3s. gi. post free. 
Practical Electric BeU Fitting. By F. C. Allsop. Tenth 
edition, 186 illus., including 8 folding plates, 185 pp., cr. 
8vo. { 1914 .) 2s. 6d. net. 

Telephones : their Construction and Fitting. By F. C. All- 
sop. Eighth edition, new imp., 184 illus., 222 pp., 
cr. 8vo. { 1914 .) 2s. 6d. net. 

EJectric Bell Construction. By F. C. Allsop. New imp., 
177 illus., xii -|- 131 pp., cr. 8vo. { 1914 .) 2s. (yd. net. 
Induction Coils and Coil Making. By F. C. Allsop. Second 
edition, new imp., 125 illus., xii-l-172 pp., cr. 8vo. { 1914 .) 
2s. 6d. net. 

High Pressure Transformers. Directions for Designing, 
Making and Operating. By Prof. F. E. Austin. 21 illus., 
46 pp., cr. 8vo.' {New York, 1914 .) 3s. net. 

How to make Low-pressure Transformers. By Prof. 
F. E. Austin. Third edition, 16 illus., 22 pp., cr. 8vo. 
{New York, 1916 .) 2s. net. 

Examples in Alternating Currents for Students and Engin- 
» eers. By Prof F. E. Austin. Second edition, 70 illus., 
^ 223 pp., cr. 8vo, leather. {New York, 1916 .) 10s. (yd. net. 

Example in Magnetism for Students of Physics and Engi¬ 
neering. By Prof. F. E. Austin. Second edition, 27 illus., 
90 pp., cr. 8vo, leather. {New York, 1916 .) 5s. net. 

Auto-Transformer Design. By A. H. Avery. 25 illus., 
60 pp., 8vo. { 1909 .) 2s. (yd. net. 

Principles of Electric Power (Continuous Ciurrent) for Mechani¬ 
cal Eijgineers. By A. H. Bate. 63 illus., 204 pp., crown 

* 8 vo. { 1914 .) (FinsburyTechnicai,Manual.) 4 s. 6 (i. net. 
Pract-'cal Construction of Electric Tramways. By W. R. 

* ®(*vker. 93 illus., 119 pp., 8vo. { 1914 .) 6s. net. 
Dynamo Lighting for Motor Cars. By M. A. Codd. Second 

* edition, 140 illus., vi -f 107 pp., 8vo. { 1914 .) 2S. (yd. net. 
Qesigft and Construction of Induction Coils. By A. F. 

CoUiifs. 155 illus., 272 pp., demy 8vo. {New York, 1909 .) 
15 s. set. • 
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Switchboard Measuring Instruments for Continuous and 
Polyphase Currents. By J. C. Gonnan. 117 illus., 150 
pp., 8vo. ( 1914 .) 3s. 6 d. net. 

Electric Cables, their Construction and Cost. By D. Coyle 
and F. J. O. Howe. With many diagrams and 216 tables, 
466 pp., crown 8vo, leather. ( 1909 .) 15s. net. 
Management of Electrical Machinery. By F. B. Crocker 
and S, S. Wheeler. Eighth edition, 131 illus., 223 pp.. 
crown 8vo. (New York, 1909 .) 5s. net. 

The Care and Management of Ignition Accumulators. 
By H. H. U. Cross. 12 illus., 74 pp., crown 8vo. (S. & C. 
Series, No. 19 .) ( 1910 .) is. 6 d. net. 

Elements of Telephony. By A. Crotch. 51 illus., 90 pp., 
crown 8vo. (S. & C. Series, No. 21.) ( 1911 .) is. 6(i. net. 

Elementary Telegraphy and Telephony. By Arthur 
Crotch. New impression, 238 illus., viii + 223 pp., 8vo. 
(Finsbury Technical Manu.al.) ( 1912 .) 4s. (d. net. 
Electricity and Magnetism in Telephone Maintenance. 
By G. W. Cummings. 45 illus,, 137 pp,, 8vo. (New 
York, 1908 .) 6s. 6 d. net. 

Grouping of Electric Cells. By W. F. Dunton. 4 illus., 
50 pp., fcap. 8vo. ( 1914 .) is. 6 d. net. 

Wireless Telegraphy for Intending Operators. By C. K. P. 
Eden. 16 illus., 80 pp., cr. 8vo. (S. & C. Series, No, 
24.) ( 1913 .) IS. 6 d. net. 

Magnets and Electric Currents. By Dr. J. A. Fleming. 
Third ed., 136 illus., 408 pp, cr. 8vo, ( 1914 .) 3s. 6<f. net. 
Postage; inland, 4^.; abroad, &d. 

Notes on Design of Small Dynamo. By George Halliday. 

Second edition, 8 plates, 8vo. ( 1895 .) 2S. 6 d. net. 
Practical Alternating Currents and Power Transmission, 
By N. Harrison. 172 illus., 375 pp., crown ivo. (Nett 
York, 1906 .) los. 6 d. net. 

Plans and Specification for Wireless Telegraph Sets. By 
A. F. Collins. Crown 8vo. (S. & C. Series, Noi 41 and 
42.) (New York, 1912 .) is. 6 d. each net. 

Part I. An Experimental Set and a One tp Fi^f 
Miles Set. 37 illus., viii + 45( pp. b 
Part II. A Five to Ten Mile 5 Set'and]p.Ten to Twenty 
Mile Set. 63 illus., viiiJ+,72 pp. 
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Making Wireless Outfits. By N. Harrison. 27 illus., 
61 pp., crown 8vo. (S. & C. Series, No. ii.) Second 
ed. (New York, 1914 .) is. 6d. net. 

Wireless Telephdne Construction. By N. Harrison. 43 
illus., 73 pp., crown 8vo. (S. & C. Series, No. 12.) (A'ew 
York, 1913 .) IS. 6i. net. 

Testing Telegraph Gables. By Colonel V. Hoskioer. Third 
edition, ii iUus., viii + 75 pp., crown 8vo. ( 1889 .) 4s. 6 d. 
net. 

Long Distance Electric Power Transmission. By R. W. 
Hutchinson. 136 illus., 345 pp., crown 8vo. (New York, 
1907 .) 14s. net. 

Theory and Practice of Electric Wiring. By W. S. Ibbetson. 
* 119 illus., 366 pp., crown 8vo. ( 1914 .) 3s. 6i. net. 

Practical Electrical Engineering for Elementary Students. 
By W. S. Ibbetson. 61 illus., 155 pp., crown 8vo. ( 1914 .) 
2 s. 6 d. net. 

Form of Model General Conditions, recommended for use 
in connection with Contracts for Electrical Works. Issued 
by the Institution of Electrical Engineers. F’cap, 
19 pp. Revised April, 1914. yd. net. 

Telegraphy for Beginners. By W. H. Jones. 19 illus., 
58 pp., crown 8vo. Second ed. (New York, 1913.) 2 S. 6d. net. 
A Handbook of Electrical Testing. By H. R. Kempe. 

Seventh ed., 285 illus., 706 pp., 8vo. ( 1908 .) i8s. net. 
Electromagnets, their Design and Construction. By A. N. 
Mansfield. 36 illus., 155 pp., i8mo, boards. Second ed. 
(New York, 1908 .) 2 S. 6 d. net. 

Telephone Construction, Methods and Cost. By C. 
Mayer. With Appendices on the cost of materials and 
labour by J. C. Slippy. 103 illus., 284 pp., crown 8vo. 
(New York, 1908 .) 12s. 6 d. net. 

Electrical Engineering Practice. By J. W. Meares. 
• Assisted by R. E. Neale. Third Edition. 86 illus., xxii 
+ 642 pp. 8vo. ( 1917 .) 25.S'. net. Postage: Inland, 6J.; 

^Abroad, is. 

‘PractSial Electrics : a Universal Handybook on Every Day 
Electneal Matters. Ninth ed., 126 illus., 135 pp., 8vo. (S. & C. 
Series, No. 13.) (New York, 1909 .) is. 6 d. net. 
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40 illus., Ssyip., crown 8vo. (S. & C. Series, No. 25.) (New 
Yorl^ 1911 .) IS. 6 d. net. 
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Induction CoUs. By N. H. Schneider. Second ed., 79 
illus., 285 pp., crown 8vo. (New York, 1909.) 5s. net. 

How to Install Electric Bells, Annunciators and Alarms. 
By N. H. Schneider. Second ed. 70 illus., 83 pp., crown 
8vo. (S. & C. Series, No. 2 .) (New York, 1916.) is. 6d. net. 
Modern Primary Batteries, their construction, use and main¬ 
tenance. By N. H. Schneider. 54 illus., 94 pp., crown 
8vo. (S. &C.Sertes,No. I.) (iVeieiyo^A, I 9 W.) is. 6 ( 1 . net. 
Practical Engineers’ Handbook on the Care and Manage¬ 
ment of Electric Power Plants. By N. H. Schneider. 
203 illus., 274 pp., crown 8vo. (New York, 1906.) 6s. net. 
Electrical Circuits and Diagrams, illustrated and explained. 
By N.H. Schneider. 8vo. (S. & C. Series, Nos. 3 and 4 .) 
Part I. Second edition 217 illus., 72 pp. (New York, 
1914.) is.6d.net. 

Part 2. 73 pp. Second ed. (New York, 1911.) is. 6d. net. 
Electrical Instruments and Testing. By N. H. Schneider 
and J. Hargrave. Fourth edition, 133 illus., xxiv + 236 
pp., cr. 8vo. (New York, 1913.) 5s. net. 

Experimenting with Induction Colls. By N. H. Schneider. 
26 illus., 73 pp., crown 8vo. (S. & C. Series, No. 5.) (New 
York, 1911.) IS. 6 d. net. 

Study of Electricity for Beginners. By N. H. Schneider. 

54 illus., 88 pp., crown 8vo. (S.&C.Series, No. 6.) (New 
York, 1910.) IS. 6 d. net. 

Wiring Houses for the Electric Light; Low Voltage Battery^ 
Systems. 44 illus., 86 pp., crown 8vo. (S. & C. Series, No. 
25.) (New York, 1911.) is. 6d. net. 

Low Voltage Electric Lighting with the Storage Battery. 
By N. H. Schneider. 23 illus., 83 pp., crown 8vo. (S. & 
C. Series, No. 26.) (New York, 1911.) is. 6 d. net. 

Dry Batteries : how to Make and Use them. By a Dry Battery 
Expert. With additional notes by N. H. Schneider. 
30illus., 39 pp., crown 8vo. (S.&C. Series, No.'?.) (New 
York, 1910.) IS. U. net. 

The Diseases of Electrical Machinery. By E. Sciuilz., 
Edited, with a Preface, by Prof. S. P. Thompsra. 42 * 
illus., 84 pp., cr. 8vo. (S. & C. Series, No. 38.) (1917. \ 
IS. 6 d. net. * 

Practical and Experimental Wireless Telegraphy. By 
W. J. Shaw. 42 illus., 102 pp., cr. 8vo. /<.19U.) 3s. 6 d. 
net. Post free, 3s. lod. 



SCaENTIMC BOOKS. 


17 


Electricity Simplified. By T. O. Sloane. Thirteenth edition, 
29illus., 158 pp., crown 8vo. {New York, 1905 .) 5s.net. 
How to become a Successful Electrician. By T. O. Sloane. 
Fifteenth edition, 4 illus., 202 pp., crown 8vo. {New York, 
1906 .) 5s. net. 

Spons’ Electrical Pocket Book. By W. H. Molesworth. 

i6mo, 325 Illus., 490 pp. { 1916 ). 6s. net. Postage ^d. 

Electricity : its Theory, Sources and Applications. By J. T. 
Sprague. Third eition, 109 illus., 658 pp., crown 8vo. 
{ 1892 .) ys. 6d. net. 

Telegraphic Connections. By C. Thom and W. H. Jones. 

20 plates, 59 pp., oblong 8vo. {New York, 1892 .) 4s. 

, net. 

Dynamo Electric Machinery. By Prof. S. P. Thompson. 
Seventh edition, demy 8vo. (Finsbury Technical Manual. ) 
Vol. I. Continuous-Current Machinery. Out of 
print. 

Vol. II. Alternating Current Machinery. 15 
coloured and 24 folding plates, 546 illus., 
900 pp. { 1905 .) £i los. net. 

Design of Dynamos (Continuous Currents). By Prof. S. P. 
Thompson. 4 coloured and 8 folding plates, 243 pp., 
demy 8vo. { 1903 .) 12s. net. 

Schedule for Dynamo Design, issued with the above, yd. net. 

each, 4s. per doz., or i8s. per 100, net. 

Curves of Magnetic Data for Various Materials. A reprint 
on transparent paper for office use of Plate I from D3mamo 
Electric Machinery, and measuring 25 in. by 16 in. yd. net. 
Electrical Tables and Memoranda. By Prof. S. P. 
Thompson. Second ed., 15 illus. viii. + 136 pp., oblong 
64mo (waistcoat-pocket size), leather. { 1913 .) is. net. 
Do., do., in celluloid case. is. 6 d. net. 

Elements of Electro-Plating. By J. T. Sprague. Cr. 8vo, 
72 pp., 2 illus. { 1914 .) (S. & C. Series, No. 44.) is. 6 d. 
. net. Postage 2d. 

The Electromagnet. By C. R. Underhillr 67 illus., 159 pp., 
^ crown 8vo. {New York, 1903 .) ys. net. 

Pracflcal Guide to the Testing of Insulated Wires and 
* Cables. By H. L. Webb. Fifth edition, 38 illus., 118 
pp.,,crowlS 8vo. {New York, 1902 .) 5s. net. 
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Electric Heating. By E. A. Wilcox, E.E., A.I.E.E. i8o 
illus., vi + 286 pp., 8vo. {New York, 1916 .) los. 6 d. net. 
Postage, inland, ^d. ; abroad, yd. 

Wiring Rules. With Extracts from the Board of Trade Regu¬ 
lations and the Home Office Regulations for Factories and 
Workshops. Issued by The Institution of Electrical 
Engineers. Sixth edition, 42 pp., 8vo, sewed. { 1911 .) 
yd. net. 

Wireless Time Signals. Authorised Translation of the 
Report of the Bureau of Longitudes with additional Tables 
and Data. Cr. 8vo, 133 pp., i folding plate, 30 illus. { 1915 .) 
3s. 6d. net. Postage ijif. 

FOREIGN EXCHANGE 

English Prices with Russian Equivalents (at Fourteen 
Rates of Exchange). English prices per lb., with equiva¬ 
lents in roubles and kopecks per pood. By A. Adiasse- 
wich. 182 pp., fcap. 32mo. is. id. net. 

English Prices with German Equivalents (at Seven Rates 
of Exchange). English Prices per lb., with equivalents in 
marks per kilogramme. By S. Koczorowski. 95 pp., 
fcap. 32mo. is. id. net. 

English Prices with Spanish Equivalents. At Seven Rat^ 
of Exchange. English prices per lb., with equivalents in 
pesetas per kilogramme. By S. Lambert. 95 pp., 32mOj 
IS. Id. net. 

English Prices with French Equivalents (at Seven Rates 
of Exchange). English prices per lb. to francs per kilo¬ 
gramme. By H. P. McCartney, 97pp.,32mo. is.uf. net. 

Principles of Foreign Exchange. By E. Matheson. 
Fourth edition, 54 pp., 8vo, sewed. { 1905 .) 4d. net. 

GAS AND OIL ENGINES 

The Theory of the Gas Engine. By D. Clerk. Edited by 
F. E, Idell. Third edition, 19 illus., 180 pp., i8mo, boards. 
{New York, 1903 .) 2s. 6d. net. f' *' 

Electrical Ignition for Internal Combustion Engines. By M. 
A, Codd. 109 illus., 163 pp., crown 8vo. { 1911 .) 3s. ne^. 

Design and Construction of Oil Engines. By A. H. Gol 4 r 
ingham. Fourth edition, 137 illus., 299 gp. (New York, 
1914 .) los. 6 ( 1 . net. Postage: inland, si: abroad, loi. 
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Gas Engine in Principle and Practice. By A. H. Golding- 
ham. New impression, 107 illus., 195 pp., 8vo. {New 
York, 1912 .) 7s. net. 

Practical Handbook on the Care and Management oi 
Gas Engines. By G. Lieckfeld. Third edition, square 
i6mo. {Nm York, 1906 .) 4s. net. 

Elements of Gas Engine Design. By S. A. Moss. 197 pp., 
i8mo, boards. Seconded. {New York, 1907 .) 2s.6d.net. 

GAS LIGHTING 

Transactions ol the Institution of Gas Engineers. Edited 
by Walter T. Dunn, Secretary. Published annually. 8vo. 
• los. 6d. net. 

Gas Analysts’ Manual. By J. Abady. 102 illus., 576 pp., 
demy 8vo. { 1902 .) i8s. net. 

Gas Works : their Arrangement, Construction, Plant and 
Machinery. By F. Colyer. 31 folding plates, 134 pp., 
8vo. { 1884 .) 8s. 6 d. net. 

Lighting by Acetylene. By F. Dye. 75 illus., 200 pp. 
crown 8vo. { 1902 .) 6s. net. 

A Comparison of the English and French Methods of 
Ascertaining the Illuminating Power of Coal Gas. By 
A. J. VanEijndhoven. Illustrated, crown 8vo. { 1897 .) 4s. 
net. 

(kGas Lighting and Gas Fitting. By W. P. Gerhard. Third 
edition, 190 pp., i8mo, boards. {New York, 1904 .) 2 S. 6 d. net. 
A Treatise on the Comparative Commercial Values of 
Gas Coals and Cannels. By D. A. Graham. 3 plates, 

100 pp., 8vo. { 1882 .) 4s. 6d. net. 

The Gas Engineer’s Laboratory Handbook. By J. Horn¬ 
by. Third edition, revised, 70 illus., 330 pp., crown 8vo. 
{ 1911 .) 6s. net. 

Electric iGas Lighting. By N. H. Schneider. 57 illus., 

101 pp., crown 8vo. (S. & C. Series, No. 8.) (New York, 
1901 .) IS. 6 d. net. 

Aistorigal and biographical 

«£xtracts from the Private Letters of the late Sir William 
Pothergill Cooke, 1836-9, relating to the Invention and 
Development of the Electric Telegraph ; also a Memoir by 
Latimer ^ark. Edited by F. H. Webb, Sec.InstE.E. 
8vo.' (TB 95 .) ^s. net. 
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A Chronology of Inland Navigation in Great Britain. By 
H. R. De SaUs, Crown 8vo. (1897.) 4s. 6<i. net. 

A History of Electric Telegraphy to the year 1837. By J. 

J. Faihie. 35 illus., 542 pp., crown 8vo. (1889.) 9s. net. 
Life as an Engineer : its Lights, Shades, and Prospects. By 
J. W. C. Haldane. New edition, 23 plates, 390 pp., crown 
8vo. (1910.) 5s. net. 

A Cornish Giant. Richard Trevethick, the father of the Loco¬ 
motive Engine. By E. K. Harper. 12 illus., including 2 
. plates, 60 pp., 8vo. sewed. (1913.) is. net. 

The Development of the Mercurial Air Pump. By Prof. 
S. P. Thompson. 43 illus., 37 pp., royal 8vo, sewed. (1888.) 
IS. 6d. net. ‘ 

HOROLOGY 

Watch and Clock Maker’s Handbook, Dictionary and 
Guide. By F. J. Britten. Eleventh edition, 450 illus., 
492 pp., crown 8vo. (1915.) 5s. net. 

Prize Essay on the Balance Spring and its Isochronal Adjust¬ 
ments. By M. Immisch. 7 illus., 50 pp., crown 8vo. 
(1872.) 2s. 6d. net. 

HYDRAULICS AND HYDRAULIC 
MACHINERY 

(See also Irrigation and Water Supply.) 
Hydraulic Flow Reviewed. By A. A. Barnes. With 
Frontispiece and ii Folding Plates. 158 pp., 8vo. (1916.) 
I2S. 6d. net. Postage : iiidand, 5d.; abroad, gd. 
Hydraulics with Working Tables. By E. S. Bellasis. 

Second edition, 160illus.,xii-l-3iipp.,8vo. (1911.) 12s.net. 
Pumps ; Historically, Theoretically and Practically Considered 
By P. R. BjSrling. Second edition, 156 illus., 234 pp., 
crown 8vo. (1895^ 7s. 6i. net. 

Pump Details. By P. R. BjSrling. 278 illus., 211 pp., 
crown 8vo. (1892.) 7s. 6d. net. 

Pumps and Pump Motors : A Manual for the use of Hywaulic 
Engineers. By P. R. Bjdrling. Two vols., 261 plates. 
369 pp., royal 4to. (1895.) £i los. net. ^ ^ 

Practical Handbook on Pump Construction. By P. Rc 
Bjdrling. Second ed., new imp,, 9 plates, yiii -i-86 pp., cr. 
8vo. (1912.) 3s. 6d. net. ■ 
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iVater or Hydraulic Motors. By P. R. Bjdrllng. 206 illus., 
287 pp., crown 8vo. { 1903 .) 9s. net. 
tlydraullc Machinery, with an Introduction to Hydraulics. 
By R. G. Blaine. Third edition, 307 illus., 468 pp., 8vo. 
(Finsbury Technical Manual.) {1913 ) los. dd. net. 
Practical Hydraulics. By T. Box. Fifteenth edition, 8 
plates, 88 pp., crown 8vo. { 1913 .) 5s, net. 

Pumping and Water Power, By F. A. Bradley. 51 illus., 
vii + 118 pp., demy 8vo. { 1912 .) 4s. 6 d. net. 

Pumps and Pumping Machinery. By F. Colyer. 

Vol. I. Second edition, 53 plates, 212 pp., 8vo. { 1892 .) 
los. 6d. net. 

Vol. II. Second edition, 48 plates, 169 pp., 8vo. 
{ 1900 .) los. 6 d. net. 

Construction of Horizontal and Vertical Water-wheels. By 
W. Cullen. Second edition, 12 plates, 4to. { 1871 .) 5s.net. 
Donaldson’s Poncelet Turbine and Water Pressure Engine 
and Pump. By W. Donaldson. 2 plates, viii -f 32 pp., 
demy 4to. { 1883 .) 5s. net. 

Practical Hydrostatics and Hydrostatic Formulae. By 
E. S, Gould. 27 iUus., 114 pp., i8mo, boards. {New York, 
1903 .) 2s. 6d. net. 

Hydraulic and Other Tables for purposes of Sewerage and 
Water Supply. By T. HenneU. Third edition, 70 pp., 
crown 8vo. { 1908 .) 4s. 6 d. net. 

Fables for Calculating the Discharge of Water in Pipes. 

By A. E. Silk. 63 pp., crown 8vo. { 1914 .) 3s, 6 d. net. 

\ B C of Hydrodynamics. By Lieut.-Col. R. de Viliamil. 

48 illus., xi -I- 135 pp., demy 8vo. { 1912 .) 6s. net. 
Motion of Liquids. By Lieut.-Col. R. de Viliamil. 8vo, 
xiv + 210 pp.. 86 illus., 30 tables. { 1914 ) 7s. 6 d. net. 

Postage: inland, 4d. ; abroad, 8 d. 

INDUSTRIAL CHEMISTRY AND 
MANUFACTURES 

iransacuons of the American Institute of Chemical En¬ 
gineers. Issued annually. 30s. net. per volume. 
Perftimes and Cosmetics. By G. W. Atkinson. 8vo, 32 
' illus., 344 pp. Fourth ed. (New York, 1915 .) 21s. net. 
Pos.tage : 4 pland, 5d.; abroad, lod. 
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Brewing Calculations, Gauging and Tabulation. By C. H. 

Bater. 340 pp., 64100, roan, gilt edges. ( 1914 .) is.6i.net. 
A Pocket Book for Chemists, Chemical Manufacturers, 
Metallurgists, Dyers, Distillers, etc. By T. Bayley. 
Edited by R. Ensoll. Eighth edition, x + 425 pp., 
fcap. 8vo. ( 1917 .) 'js. 6d. net. Postage, 3i. 

Practical Receipts for the Manufacturer, the Mechanic, and for 
Home use. By Dr. H. R. Berkeley and W. M. Walker. 
New impression, 250 pp., demy 8vo. ( 1912 .) 5s. net. 

A Treatise on the Manufacture of Soap and Candles, 
Lubricants and Glycerine. By W. L. Carpenter and H. 
Leask. Second edition, 104 illus., 456 pp., crown 8vo. 
( 1 S 95 .) I2S. 6i. net 

A Textbook of Paper Making. By C. F. Cross and E. J* 
Bevan. Fourth ed. containing additional matter and in part- 
re-written with collaboration of J. F. Briggs. 99 illus., 
16 plates, X -1- 508 pp., 8vo. ( 1916 .) 15s. net. Post¬ 

age : inland, 6 d.; abroad, is. 

C.B.S. Standard Units and Standard Paper Tests. By C. 
F. Cross, E. J. Bevan, C. Beadle and R. W. Sindall. 
25 pp., crown 4to. ( 1903 .) 2s. 6 d. net. 

Pyrometry. By C. R. Darling. 60 illus., 200 pp., crown 8vo. 
( 1911 .) 5s. net. 

Soda Fountain Requisites. A Practical Receipt Book for 
Druggists, Chemists, etc. By G. H. Dubelle. Fourth ed., 
157 pp., crown 8vo. (New York, 1911 .) 5s. net 
Spices and How to Know Them, By W. M. Gibbs. 47 
plates, including 14 in colours, 176 pp., 8vo. (New York, 
1909 .) 15s. net. 

The Chemistry of Fire and Fire Prevention. By H. and H. 

Ingle. 45 illus., 290 pp., crown 8vo. ( 1900 .) gs. net. 
Ice-making Machines. By M. Ledoux and others. Sixth 
edition, 190 pp.', i8mo, boards. (New York, 1906.) 2s. (d. net. 
Brewing with Raw Grain. By T. W. Lovibond? 75 pp., 
crown 8vo. ( 1883 .) 5s. net. 

The Chemistry, Properties, and Tests of Precious Stones. 
By J. Mastin. 114 pp., fcap. i6mo, limp leather, gut top. 
( 1911 .) 2s. 6d. net. 

Sugar, a Handbook for Planters and Refiners. By the late 
J. A. R. Newlands and B. E. R, Newlands. 236 illus.,' 
876 pp., 8vo. ( 1909 .) £1 5s. net. 
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Piindples of Leather Manufacture. By Prof. H. R. Proc¬ 
ter. Second edition in preparation. 

Leather Industries Laboratory Handbook of Analytical and 
Experimental Methods. By H. R. Procter. Second edi¬ 
tion, 4 plates, 46 illus., 450 pp., 8vo. ( 1908 .) i8s. net. 

Leather Chemists* Pocket Book. A short compendium of 
Analytical Methods. By Prof. H. R. Procter. Assisted 
by Dr. E. Stiasny and H. Brumwell. 4 illus., xiv -1- 223 
pp., i6mo, leather. ( 1912 .) 5s. net. 

Theoretical and Practical Ammonia Refrigeration. By 
I. I. Redwood. Seventh edition, 15 illus., 146 pp., square 
i6mo. (New York, 1914 .) 5s. net. 

• 

Breweries and Maltings. By G. Scammell and F. Golyer. 
Second edition, 20 plates, 178 pp., 8vo. ( 1880 .) 6s. net. 

Factory Gla2es for Ceramic Engineers. By H. Rum- 
Bellow. Folio. Series A, Leadless Sanitary Glazes. 
( 1908 .) £2 2S. net. 

Spons’ Encyclopaedia of the Industrial Arts, Manufactures 
and Commercial Products. 2 vols. 1,500 illus., 2,100 pp., 
super royal 8vo. ( 1882 .) £2 2s. net. 

Tables for the Quantitative Estimation of the Sugars. By 
E. Wein and W.'Frew. Crown 8vo. ( 1896 .) 6s. net. 

^he Puering, Bating and Drenching of Skins. By J. T. 
Wood. 33 illus., XV + 300 pp., 8vo. ( 1912 .) 12s. 6d. 

net. 

Workshop Receipts. For the use of Manufacturers, Mechanics 
and Scientific Amateurs. New and thoroughly Revised 
Edition, crown 8vo. ( 1917 .) 3s. 6d. each net. 

Vol. I. Acetylene Lighting to Drying. 223 illus., 
«• 532 pp. 

Vol. 11 . Dyeing to Japanning. 259 illus., 540 pp. 

Vol. III. Jointing Pipes to Pumps. 256 illus., 528 pp. 

'Vol. IV. Rainwater Separators to Wire Rope 
Splicing. 321 illus., 540 pp. 

Is 

PracSical Handbook on the Distillation of Alcohol from 

* Farm Products. By F. B. Wright. Second edition, 60 
illus» 271 ^p., crown’8vo. (New York, 1913 .) 5s. net. 
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INTEREST TABLES 

The Wide Range Dividend and Interest Calculator, showing 
at a glance the Percentage on any sum from One Pound to 
Ten Thousand Pounds, at any Interest, from i per cent, to 
per cent., proceeding by J per cent. By A. Stevens. 
100 pp., super royal 8vo. 6s. net. 

Quarter morocco, cloth sides, ys. 6 d. net. 

The Wide Range Income Tax Calculator, showmg at a glance 
the Tax on any sum from One Shilling to Ten Thousand 
Pounds, at the Rate of gd., is., and is. 2d. in the Pound. 
By A. Stevens. On folding card, imperial 8vo. is. net. 

IRRIGATION 

Irrigation Works. By E. S. Bellasis. 37 illus., viii + 174 
pp., 8 VO. ( 1913 .) 8s. net. 

Irrigation Pocket Book. By R. B. Buckley. Second 
edition. 80 illus., viii + 483 pp., cr. 8vo, leather cloth. 
( 1913 .) 15s. net. Postage, 4^. 

The Design of Channels for Irrigation and Drainage. By 
R. B. Buckley. 22 diagrams, 56pp., crown 8vo. ( 1911 .) 
2S. net'. 

The Irrigation Works of India. By R. B. Buckley. Second 
edition, with coloured maps and plans. 336 pp.,4to, cloth. 
( 1905 .) £2 2s. net. 

Irrigated India. By Hon. Alfred Deakin. With Map, 32%, 
pp., 8vo. ( 1893 .) 8s. 6 d. net. 

Indian Storage Reservoirs, with Earthen Dams. By W.L. 
Strange. Second ed., 16 plates, 59 illus., xxiv + 442 pp., 
8vo. ( 1913 .) 21s. net. 

The Irrigation of Mesopotamia. By Sir W. WUlcocks. 
Second ed. 2 vols., 46 plates, 136 pp. (Text super royal 
8vo, plates folio.) ( 1917 .) £1 net. 

Egyptian Irrigation. By Sir W. WUlcocks and J. I. Craig, 
In 2 Vols. Third edition, 81 plates, 183 illus., 900 pp,, 
sup. roy. 8vo. ( 1913 .) 42s. net. 

The NUe Reservoir Dam at Assuan, and After. 'By Sir 
W. WUlcocks. Second edition, 13 plates, 35 pp., super royal 
8vo. ( 1903 .) 3s. net. * 

The Assuftn Reservoir and Lake Moeris. By Sir Wf WUl,- 
cocks. With text in English^ French and "Arabic. 5 
plates, 116 pp., super royal 8vo. ( 1904 .J net. 
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The Nile in 1904 . By Sir W. Wlllcocks. 30 plates, 200 pp. 
super ro3^ 8vo. ( 1904 .) 5s. net. 

LOGARITHM TABLES 

Aldum’s Pocket Folding Mathematical Tables. Four- 
figure Logarithms, and Anti-logarithms, Natural Sines, 
Tangents, Cotangents, Cosines, Chords and Radians for all 
angles from i to 90 degrees. And Decimalizer Table for 
Weights and Money. On folding card. Si. net. 20 copies, 
6s. net. 

Tables of Seven-figure Logarithms of the Natural Numbers 
from I to 108,000. By C. Babbage. Stereotype edition, 
224 pp., medium 8vo. 5s. net. 

Vour-Place Tables of Logarithms and Trigonometric 
Fimctions. By E. V. Huntington. Ninth thousand. 
34 pp., square 8vo, Ump buckram, with cut lateral index. 
(New York, 1911 .) 3s. net. 

Short Logarithmic and other Five Figure Tables. By Prof. 
W. C. Unwin. Sixth edition, 43 pp., cr. 4to, limp cloth. 
( 1917 .) IS. 6<f. net. 

Logarithmic Land Measurement. By J. Wallace. 32 
pp., royal 8vo. ( 1910 .) 5s. net. 

ABC Five-figure Logarithms with Tables, for Chemists. 

By C. J. Woodward. Crown 8vo. 2 S. 6flt. net. 

ABC Five-figure Logarithms for general use, with lateral 
index for ready reference. By C. J. Woodward. Second 
edition, with cut lateral Index, 116 pp., i2mo, limp leather. 
3s. net. 

MARINE ENGINEERING 
AND NAVAL ARCHITECTURE 

Marine Propellers. By S. W. Barnaby. Fifth edition, 5 
plates, 56 illus., 185 pp., demy 8vo. ( 1908 .) los. 6 d. net. 
The Suction Caused by Ships and the Olympic-Hawke 
Collision. By E. S. BeUasis. i chart and 5 illus. in 
• %xt, 26 pp., 8vo, sewed. ( 1912 .) is. net. 

Yachting Hints, Tables and Memoranda. By A. C. Franklin. 
Waistcoat pocket size, 103 pp., 64mo, roan, gilt edges. 
•is. net. 

Steamship Coefficients, Speeds and Powers. By C. F. A. 
Fyfe. edition in -preparation. 



2B B. * F. N. SPON, Iitd., 67, HAYMARKET, LONDON, 8.W, 1 


How to Build a Speed Launch. By E. W. Graef. 14 plates, 
32 pp., quarto. (New York, 1903 ). 5s. net. 

Steamships and Their Machinery, from first to last. Bj 
J. W. C. Haldane. 120 illus., 532 pp., 8vo. ( 1893 .) 15s, 
net. 

Tables for Constructing Ships’ Lines. By A. Hogg. Third 
edition. 3 plates, 20 pp., 8vo, sewed. ( 1911 .) 3s. net. 

Structural Design of Warships. By Prof. W. Hovgaard. 
Super roy. 8vo. With 23 tables, 6 plates, and 186 illus., 
384 pp. ( 1915 ). 2 IS. net. Postage: inland, 6d. ; abroad, 

IS. zd. 

Modern History of Warships. By Prof. W. Hovgaard. 
Super royal 8vo. (In the Press.) , 

Tabulated Weights of Angle, Tee, Bulb, Round, Square, and 
Flat Iron and Steel for the use of Naval Architects, Ship¬ 
builders, etc. By C. H. Jordan. Sixth edition, 640 pp., 
oblong 32 mo., P'rench morocco, gilt edges. ( 1909 .) ys. 6d. 
net. Postage 4^. 

Particulars of Dry Docks, Wet Docks, Wharves, etc., on the 
River Thames. Compiled by C. H. Jordan. Second 
edition 7 coloured charts, 103 pp., oblong 8vo. ( 1904 .) 
IS. net. 

Marine Transport of Petroleum. By H. Little. 66 illus., 
263 pp., crown 8vo. ( 1890 .) los. 6d. net. 

Questions and Answers for Marine Engineers, with a Prac¬ 
tical Treatise on Breakdowns at Sea. By T. Lucas. 12 
folding plates, 515 pp., gilt edges, crown 8vo. (New York, 
1902 .) gs. net. 
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G.N.R. II plates, 8vo. { 1892 .) 4s. net. 
Permanent-Way Material, Platelaying and Points and 
Grossings, with a few Remarks on Signalling and Inter¬ 
locking. By W. H. Cole. Cr. 8vo, 288 pp., 44 illus., 7th 
ed. { 1915 .) 7s.6i.net; Postage: inland, 3i.; abroad, (d. 

Railway Engineers’ Field Book. By Major G. R. Hearn, 
R.E., Assoc. Inst. Civil Engrs., and A. G. Watson, C.E. 
i2mo, leather, 230 pp., 33 illus. { 1914 .) 21s. net. Postage: 
inland, 3i.; abroad, 6d. 

Locomfttive Breakdowns, Emergencies and their Remedies. 
By Geo. L. Fowler, M.E., and W, W. Wood. Eighth ed., 
02 illus., 266 pp., i2mo. {New York, 1916 .) 5s. net. 
P^rflkanent-way Diagrams. By F. H. Frere. Mounted 
on linen in cloth covers. {1W8.) 3s. net. 
iulae for Railway Crossings and Switches. By J. 
Glover. 9 illus., 28 pp., royal 32mo. 2s. 6d. net. 
ting out (^Tube Railways. By G. M. Halden. 9 plates, 
(46illuss TO pp., crown 4to, { 1914 .) los. 6d. net. 
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Railway Engineering, Mechanical and Electrical. By 
J. W. C. Haldane. New edition, 141 illus., xx + 583 pp., 
8vo. { 1908 .) 15s. net. 

The Construction of the Modern Locomotive. By G. 

Hughes. 300 illus., 261 pp., 8vo. { 1894 .) gs. net. 
Practical Hints for Light Railways at Home and Abroad. 
By F. R. Johnson. 6 plates, 31 pp., crown 8vo. { 1896 .) 
2s. 6d. net. 

Handbook on Railway Stores Management. By W. O. 

Kempthorne. 268 pp., demy 8vo. { 1907 .) los, 6 d. net. 
Railway Stores Price Book. By W. O. Kempthorne. 

490 pp., demy 8vo. { 1909 .) 10s. 6d. net. 

Railroad Location Surveys and Estimates. By F. Lavis* 
68 illus, 270 pp., 8vo. {New York, 1906 .) 12s. 6 d. net. 
Pioneering. By F. Shelford. 14 illus., 88 pp., crown 8vo. 
{ 1909 .) 3s. not. 

Handbook on Railway Surveying for Students and Junior 
Engineers. By B. Stewart. 55 illus., 98 pp., crown 8vo. 
{ 1914 .) 2S. 6 d. net. 

Modern British Locomotives. By A. T. Taylor. Second 
ed. 100 diagrams of principal dimensions, 118 pp., oblong 
8vo. { 1914 .) 4s. 6 d. net. 

Locomotive Slide Valve Setting. By C. E. Tully. Illus¬ 
trated, i8mo. { 1903 .) IS. net. ^ 

The Railway Goods Station. By F. W. West. 23 illus., 
XV -f 192 pp., crown 8vo. { 1912 .) 4s. 6 d. net. 

The Walschaert Locomotive Valve Gear. Hy W. W. Wood. 
4 plates and set of movable cardboard working models of 
the valves, 193 pp., crown 8vo. Third ed. {New York, 1913 .) 
ys. net. 

The Westinghouse E.T. Air-Brake Instruction Pocket 
Book. By W. W. Wood. 48 iUus., includiAg njany, 
coloured plates, 242 pp., crown 8vo. {New York, 1909 .) 
8 s. 6d. net. 

SANITATION, PUBLIC HEALTH AND 
MUNICIPAL ENGINEERING 

Engineering Work in Public Buildings. By R. O. Allsop^ 
77 illus., ix -1- 158 pp., demy 4to. { 1912 .'f' 12s. <6d. net. 
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Public Abattoirs, their Planning, Design and Equipment. 
By R. S. Ayling. 33 plates, 100 pp., demy 4(0. ( 1908 .) 
8s. 6 d,. net. 

Sewage Purification. By E. Bailey-Denton. 8 plates, 
44 pp., 8vo. ( 1896 .) 5s. net. 

Water Supply and Sewerage of Country Mansions and 
Estates. By E. Bailey*Denton. 76 pp., crown 8vo. 
( 1901 .) 2s. 6d. net. 

Sewerage and Sewage Purification. By M. N. Baker. 
Second edition, 144 pp., i8mo, boards. (New York, 1905 .) 
2s. 6d. net. 

Housing and Town-Planning Conference, 1913 . Being a 
* Report of a Conference held by the Institution of Municipal 

and County Engineers at Great Yarmouth. Edited by 
T. Cole. 42 folding plates, 227 pp., 8vo. los. 6 d. net. 
Housing and Town Planning Conference, 1911 . Report 
of Conference held by the Institution of Municipal and 
County Engineers at West Bromwich. Edited by T. 
Cole, Secretary. 30 plates, 240 pp., 8vo. los. 6 d. net. 

Sanitary House Drainage, its Principles and Practice. By 
T. E. Coleman. 98 illus., 206 pp., crown 8vo. ( 1896 .) 
3s. 6i. net. 

Stable Sanitation and Construction. By T. £. Coleman. 

183 illus., 226 pp., crown 8vo. ( 1897 .) 3s. net. 
Discharge of Pipes and Culverts. By P. M. Crosthwalte. 

Large folding sheet in case. 2 S. 6<i. net. 

A Complete and Practical Treatise on Plumbing and 
Sanitation. By G. B. Davis and F. Dye. 2 vols., 637 
illus. and 21 folding plates, 830 pp., 4to, cloth. ( 1899 .) 
£1 los. net. 

Standard Practical Plumbing. By P. J. Davies. 

^ W)!. I. Fourth edition, 768 illus., 355 pp., royal 8vo. 

( 1905 .) js. 6d. net. 

Vol. II. Second edition, 953 illus., 805 pp. ( 1905 .) 
•* ?os. 6 d. net. 

Vol. III. 313 illus., 204 pp. ( 1905 .) 5s. net. 
•Conservancy, or Dry Sanitation versus Water Carriage. 

^y J. Donkin. 7 plates, 33 pp., 8vo, sewed. ( 1906 .) is. net. 
Sewage Dlsuosal Works. By W. C. Easdale. 160 iUus., 
264^ pp, ovo. ( 1910 .) los. 6<i. net. 
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House Drainage and Sanitary Plumbing. By W. P. 
Gerhard. Eleventh ed., 6 illus., 231 pp., i8mo, boards. 
{New York, 1905 .) 2s. 6 d. net. 

The Treatment of Septic Sewage. By G. W. Rafter. 
137 PP-. i8mo, boards. Third ed. {New York, 1913 .) 
2S. 6 d. net. 

Reports and Investigations on Sewer Air and Sewer Ven¬ 
tilation. By R. H. Reeves. 8vo, sewed. { 1894 .) is. 
net. 

Sewage Drainage Systems. By Isaac Shone. 27 folding 
plates, 47 illus., 440 pp., 8vo. { 1914 .) 25s. net. 
Drainage and Drainage Ventilation Methods. By Isaac 
Shone, C.E. 7 folding plates, 36 pp., 8vo, leatherf 
{ 1913 .) 6s. net. 

Valuations. By S. Skrimshire, F.S.I. 200 fully worked 
examples, 4G0 pp., 8vo. { 1915 ). 10s, 6 d. net. Postage: 
inland, si.; abroad, xod. 

The Law and Practice of Paving Private Street Works. 
By W. Spinks. Fourth edition, 256 pp., 8vo. { 1904 .) 
I2S. 6 d. net. 


STRUCTURAL DESIGN 

{See Bridges and Roofs) 

TELEGRAPH CODES 

New Business Code. 320 pp., narrow 8vo. (Size 4J in. by 
7| in. and J in. thick, and weight 10 oz.) {New York, 1909 .) 
£i IS. net. 

Miners’ and Smelters’ Code (formerly issued as the Master 
Telegraph Code). 448 pp., 8vo, limp leather^ weight 
14 oz. {New York.) £2 los. net. 

General Telegraph Code. Compiled by the BusinessCpde 
Co. 1,023 pp., small 4to, with cut side index for readf refer¬ 
ence. {New York, 1912 .) 63s. net. Postage: inland, 
6 d. ; abroad, is. 4^. , ^ 

Billionaire Phrase Code, containing over two million sen'* 
tences coded in single words. 56 pp., 8voleather. {New 
Ywk, 1908 .) 6s. 6 d. net. 
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WARMING AND VENTILATION 

Hot Water Supply. By F. Dye. Fifth edition, new impres¬ 
sion, 48 illus., viii + 86 pp., 8vo. ( 1912 .) 3s. net. 

A Practical Treatise upon Steam Heating. By F. Dye. 

129 illus., 246 pp., 8vo. ( 1901 .) los. net. 

Warming Buildings by Hot Water. ByF. W. Dye. Second 
Edition, revised, with 159 illus., xvi + 316 pp., 8vo. ( 1917 .) 
los. net. Postage, Inland ^d .; Abroad, M. 

Charts for Low Pressure Steam Heating. By J. H. Kinealy. 
Small folio. (New York.) 5s. 

Formulae and Tables for Heating. By J. H. Kinealy. 
« 18 illus., 53 pp., 8vo. (New York, 1899 .) 3s. 6 d. net. 

Centrifugal Fans. By J. H. Kinealy. 33 illus., 206 pp., 
fcap. 8vo, leather. (New York, 1905 .) 12s. 6d. net. 
Mechanical Draft. By J. H. Kinealy. 27 original tables and 
13 plates, 142 pp., crown 8vo. (New York, 1906 .) gs. net. 
Theory and Practice of Centrifugal Ventilating Machines. 

By D. Murgue. 7 illus., 81 pp.,, 8vo. ( 1883 .) 5s. net. 
Mechanics of Ventilation. By G. W. Rafter. Third 
ed., 143 pp., i8mo, boards. (New York, 1912 .) 2s. 6d. net. 
Principles of Heating. By W. G. Snow. New edition, 59 
illus., xii -f 224 pp., 8vo. (New York, 1912 .) gs. net. 
tFurnace Heating. By W. G. Snow. Fourth edition, 52 
illus., 216 pp., 8vo. (New York, 1909 .) 6s. 6 d. net. 
Ventilation of Buildings. By W. G. Snow and T. Nolan. 

83 pp., i8mo, boards. (New York, 1906 .) 2s. 6 d. net. 
Heating Engineers’ Quantities. By W. L. White and G. M. 
White. 4 plates, 33 pp., folio. ( 1910 .) los. 6 d. net. 

WATER SUPPLY 

(See also Hydraulics) 

Potable Water and Methods of Testing Impurities. By 
, M. N. Baker. 97 pp., i8mo, boards. Second ed. (New 
“ York, 1905 .) 2s. 6d. net. 

Manual of Hydrology. By N. Beardmore. New impres- 
^ |ion, 18 plates, 384 pp., 8vo. ( 1914 .) los. 6d. net. 
•Bacteriology of Surface Waters in the Tropics. By W. W. 
Clemesha. la tables, viii -f 161 pp., 8vo. (Calcutta, 
191 &.) fsr6d. net. 
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Water Softening and Purification. By II. Collet. Second 
edition, 6 illus., 170 pp., crown 8vo. ( 1908 .) 5s. net. 
Treatise on Water Supply, Drainage and Sanitary Appliances 
of Residences. By F. Colyer. 100 pp.,.crown 8vo. 
( 1899 .) IS. 6 d. net. 

Purification of Public Water Supplies. By J. W. Hill. 

314 pp., 8vo. (New York, 1898 .) los. 6d. net. 

Well Boring for Water, Brine and Oil. By C. Isler. Second 
edition, 105 illus., 296 pp., 8vo. ( 1911 .) los. bd. net. 
Method of Measuring Liquids Flowing through Pipes by 
means of Meters of Small Calibre. By Prof. G. Lange. 
I plate, 16 pp., 8vo, sewed. ( 1907 .) 6d. net. 

On Artificial Underground Water. By G. Richert. 16 
illus., 33 pp., 8vo, sewed. ( 1900 .) is. 6d. net. 

Notes on Water Supply in new Countries. By F. W. Stone. 

18 plates, 42 pp., crown 8vo. ( 1888 .) 5s. net. 

The Principles of Waterworks Engineering. Bj' J. H. T. 
Tudsbery.and A. W. Brightmore. Third edition, 13 
folding plates, 130 illus., 447 pp., demy 8vo. ( 1905 .) £1 is. 
net. 

WORKSHOP PRACTICE 

For Art Workers and Mechanics 

t 

Alphabet of Screw Cutting. By L. Arnaudon: Fifth 
edition, 92 pp., cr. 8vo., sewed. ( 1913 .) 4s. net. 

A Handbook for Apprenticed Machinists. By O. J. Beale. 
Third ed., 89 illus., 141 pp., i6mo. (New York, 1901 .) 
2S. 6d. net. 

Practice of Hand Turning. By F. Campin. Third edition, 
99 illus., 307 pp., crown 8vo. ( 1883 .) 3s. 6ii. net. 

Artistic Leather Work, By E. Ellin Carter. 6 plates TtTTd ‘ 
21 illus., xii + 51 pp., crown 8vo. ( 1912 .) 2s. 6d. net. 
Calculation of Change Wheels for Screw Gutting on L?i.fa»s. 

By D. de Vries. 46 illus., 83 pp., 8vo. ( 1914 .) 3s. net. 
Milling Machines and Milling Practice. By D. de Vries#* 
536 illus., 464 pp., medium 8vo. ( 1910 .) 14s. net. * 
French-Polishers’ Manual. By a French-j^isher. New 
impression, 31 pp., royal 32mo, sewed, ^d. net, 




SCIENTIFIC BOOKS. 


43 


Galvanizing and Tinning. By W. T. Flanders. 134 Ulus., 
350 pp., 8vo. {Nm York, 1916 .) 14s. net. Postage : in¬ 
land, 6 d. ; abroad, is. 

Art of Copper-Smithing. By J. Fuller. Fourth edition, 
483 iUus., 319 pp., royal 8vo. {New York, 1911 .) 14s. net, 

Saw Filing and Management of Saws. By R. Grimshaw. 
Third ed., 81 illus.,i6mo. {New York, 1912 .) 5s. net. 

Cycle Building and Repairing. By P. Henry. 55 illus., 
96 pp., cr. 8vo. (S. & C. Series, No. 43.) is. 6 d. net. 

Turner’s and Fitter’s Pocket Book. By J. La Nicca. iSmo, 
sewed, yd. net. 

^Tables for Engineers and Mechanics, giving the values of the 
different trains of wheels required to produce Screws of any 
pitch. By Lord Lindsay. Second edition, royal 8vo, 
oblong. 2s. net. 

Screw-cutting Tables. By W. A. Martin. Seventh edition. 
New imp., oblong 8vo. is. net. 

Metal Plate Work, its Patterns and their Geometry, for the 
use of Tin, Iron and Zinc Plate Workers. By C. T. Millis. 
Fourth Ed., New imp., 280 illus., xvi -|- 456 pp., cr. 8vo. 
{ 1912 .) 9S.net. 

The Practical Handbook of Smithing and Forging. Engin¬ 
eers’ and General Smiths’ Work. By T. Moore. New 
impression, 401 illus., 248 pp., crown 8vo. { 1912 .) 5s. net. 

Modern Machine Shop Construction, equipment and man- 
agemenl. By O. E. Perrigo. 208 iUus., 343 pp., crown 

^ 4to. {New York, 1906 .) £1 is. net. 

Turner’s Handbook on Screw-cutting, Coning, etc. By 
W. Price, New impression, 56 pp., fcap. 8vo. ( 1912 .) yd.net. 

ntroduction to Eccentric Spiral Turning. By H. C. 
Robinson. 12 plates, 23 illus., 48 pp., 8vo. { 1906 .) 
bd. net 

i'orging. Stamping, and General Smithing. Sy B. Saun- 
••dirs. 728 illus., ix -f 428 pp., demy 8vo. { 1912 .) £1 is. 
net. 

tocket Book on Boilermaking, Shipbuilding, and the Steel 
fixd Iron Trades in General. By M. J. Sexton. Sixth 
edition, new impression, 85 illus., 319 pp.. royal 32mo, roan, 
gilt |dgeg.^(^ 9 I 2 .) 6s. net. 
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Power and its Transmission. A Practical Handbook for the 
Factory and Works Manager. By T. A. Smith. 76 pp., 
fcap. 8vo. { 1910 .) 2S. net. 

Spons’ Mechanics’ Own Book : A Manual for Handicrafts¬ 
men and Amateurs. Seventh edition, 1.430 illus., 720 pp., 
demy 8vo. { 1916 .) 6 s. net. Half bound in leather, 

marbled edges, ys. 6 d. net. 

Spons’ Workshop Receipts for Manufacturers, Mechanics 
and Scientific Amateurs. New and thoroughly revised 
edition, crown 8vo. { 1917 .) 3s. 6 d. each net. 

Vol. 1 . Acetylene Lighting to Drying. 223 illus., 
532 PP- 

Vol. II. Dyeing to Japanning. 259 illus., 540 pp. ^ 

Vol. III. Jointing Pipes to Pumps. 257 illus., 528 pp. 

Vol. IV. Rainwater Separators to Wire Ropes. 
321 illus., 540 pp. 

Wire and Sheet Gauge Tables. By Thomas Stobbs, Sheffield. 
A Metal Calculator and Ready Reckoner for Merchants, and 
for Office and Shop use, in Sheet, Plate, and Rod Mills, and 
Forges. 8V0, 95 pp. ( 1916 .) 3s. 6 d. net. Postage. 

Gauges at a Glance. By T, Taylor. Second edition post, 
8vo, oblong, with tape converter. { 1917 .) 5s. net. 

Simple Soldering, both Hard and Soft. By E. Thatcher. 
52 illus., 76 pp., crown 8vo. (S. & C. Series, No. 18.) 
(New York, 1914 .) is. 6 d. net. 

The Modern Machinist. By J. T. Usher. Fifth edition,^ 
257 illus., 322 pp., 8vo. {New York, 1904 .) ios.6ii.net. 

Practical Wood Carving. By C. J. Woodsend. 108 illus., 
86 pp., 8 vo. Second ed. {New York, 1908 .) 4s. 6ii. net. , 

American Tool Making and Interchangeable Manufacturing. 
By J. W. Woodworth. Second Ed. 600 illus., 535 pp.,8vo. 
{New York, 1911 .) 20s. net. 

USEFUL TABLES 

See also Curve Tables, Earthwork, Foreign Exchange, 
Interest Tables, Logarithms, and Metric Tablss.'’.. < 

Weights and Measurements of Sheet Lead. By J. Alex¬ 
ander. 32mo, roan. is. 6ii. net. .»*• 

Barlow’s Tables of Squares, Cubes, Square Roots, Cubefeoots 
and Reciprocals, of all Integer Numbers fr^ i to 10,000. 
2D0 pp., crown 8vo, leather cloth. 4s. net. 
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Tables of Squares. Of every toot, inch and of an inch from 
■it of an inch to 50 feet. By E. E. Buchanan. Eleventh 
^ition, 102 pp., i6mo. 4s. 6d. net. 

Land Area Tables. By W. Godd. For use with Amsler's 
Planimeter. On sheet in envelope with explanatory 
pamphlet, is. 6d. net. Or separately, tables on sheet is. net. 
Pamphlet. 6d. net. 

Calculating Scale. A Substitute for the Slide Rule. By W. 

Knowles. Crown 8vo, leather, is. net. 

Planimeter Areas. Multipliers for various scales. By H. B. 

Molesworth. Folding sheet in cloth case. is. net. 
Tables of Seamless Copper Tubes. By I. O’Toole. 
t> 69 pp., oblong fcap. 8vo. 3s. 6d. net. 

Steel Bar and Plate Tables. Giving Weight per Lineal Foot 
of all sizes of L and T Bars, Flat Bars, Plates, Square, and 
Round Bars. By E. Read. On large folding card, is.net. 
Rownson’s Iron Merchants’ Tables and Memoranda. Weight 
and Measures. 86 pp., 32mo, leather. 3s. 6d. net. 

Spons’ Tables and Memoranda for Engineers. By J. T. 
Hurst, C.E. Twelfth edition, 278 pp., 64mo, roan, gilt 
edges. (1916.) is. net. 

Ditto ditto in celluloid case, is. 6d. net. 

Wire and Sheet Gauge Tables. By T. Stobbs xx + 96 
pp., cr. 8vo, leather cloth. (1916.) 3s. 6i. net. Postage, ^d, 
,Optical Tables and Data, for the use of Opticians. By Prof. 
S. P. Thompson. Second edition, 130 pp., oblong 8vo. 
(1907.) 6s. net. 

Traverse Table, showing Latitudes and Departure for each 
I Quarter degree of the Quadrant, and for distances from i to 
100, etc. i8mo, boards. 2S. 6d. net. 


The Wide Range Dividend and Interest Calculator, showing 
at a glance the percentage on any sum from £i to £10,000, 
at ^y Interest from 1% to 12J%, proceeding by ; also 

’ **^able of Income Tax deductions on any sum from £1 to 
f 10,000, at gd., IS., and is. 2d. in the £. By Alfred Stevens, 
mo pp., super royal 8vo. 6s. net. Quarter Morocco, 
doth sides. 7s. 6d. net. 

Jhe Wide Range Income Tax Calculator, showing at a 
glance the tax on any sum from One Shilling to Ten Thou¬ 
sand Pounds at the Rates of gd., is., and is. 2d. in the £. 
By ^re^ Btevens. 8 pp., printed on stiff card, royal 8vo. 
IS. net.* ' 
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Fifty-four Hours’ Wages Calculator. By H. N. Whit^aw.. 

Second edition, 79 pp., 8vo. 2s. 6 d. net. 

Wheel Gearing. Tables of Ktch Line Diameters, etc. By A. 
Wildgoose and A. J. Orr. 175 pp., fcap. 32mo. 2 S. net. 

MISCELLANEOUS 

Popular Engineering. By F. Dye. 704 iUus., 477 pp., crown 
4to. ( 1895 .) 5s. net. 

The Phonograph, and how to construct it. By W. Gillett. 

6 folding plates, 87 pp., crown 8vo. ( 1892 .) 5s. net. 
Engineering Law. By A. Haring. Demy 8vo, cloth. (New 
* York.) 

Vol. I. The Law of Contract. 518 pp. ( 1911 .) i8s. net. 
Particulars of Dry Docks, Wet Docks. Wharves, etc., on the* 
River Thames. By C. H. Jordan. Second edition, 7 
coloured charts, 103 pp., oblong 8vo. ( 1904 .) is. net. 
New Theories in Astronomy. By W. Stirling. 335 pp. 

demy 8vo. ( 1906 .) 8s. 6J. net. 

Inventions, How to Protect, Sell and Buy Them. By F. 
Wright. 118 pp., crown 8vo. (S. & C. Series, No. 10.) 
Second edition. (New York, 1911 .) is. 6i. net. 


SPECIAL LISTS 

ISSUED BY 

E. e F. N. SPON, LTD. 

Past free to atitf part of the World on application. 

BUILDERS, ARCHITECTS and CONTRACTORS. 
CIVIL ENGINEERING. 

ELECTRICAL ENGINEERING. 

INDUSTRIES, TECHNOLOGY, MANUFAC¬ 
TURES and MINING. * -ci 

MECHANICAL ENGINEERING. 

S. & C. SERIES. 

TABLES FOR ENGINEERS, ACTUARIES AND 
ACCOUNTANTS. .f 

PAINTING AND DECORATING. 

METRIC POCKET TABLE BOOKS, .r 




sctmmic BOOKS. 


PWCE NET POST FREE g/5 

SPON'S ELECTRICAL POCKET-BOOK 

A REFERENCE BOOK OF 

OENERAL ELECTRICAL INFORMATION, FORMULiE AND 
TABLES FOR PRACTICAL ENOINEBRS 
By WALTER H. MOLESWORTH. m.i.m.e. 

With 325 lUttstrations* 500 pp. Feap. 8 Vo. Ctoth. 

SYNOPSIS OF CONTENTS 


pRS>ACS-> ..* 

Weights and Measures— 

Britieb, metric, and o( other countries. 

Tables of British and metric. 

Afiei^ratioD, areas aQd.circumfa:eQces of circles, etc. 

Logarithms, trigonometry, and temperature tables. 

Moneys of Brjt^ and other countries. 

tODversioD factors, grapUc and intematioual symbols. 

Units, laws, and tenns . .. 

Heating, fi^ wires, insulation, and resistance. 

Wiring, wire'gauges, and aluminium conductors. 

Copper conductors .. 

Wei^t and calculated size of conductors (all system^. 

Regulations-^*' B.O.T.” Overhead Lines and Public Supply and Home Office . 

Traasmi^OQ—-Systems and cost, and line calculations. 

Transmission Line—Poles, insulators, etc.. 

Testing- 

Apparatus and sets, measurements, etc. 

Location of faults, etc. 

Magnetism smd electro-magnetic circuits. 

Continuous Current—l^uits and machinery. 

British Standard Rules for Electric Machinery. 

Calculation of corona and corona losses, condensers, capacity, charging current, and 

coeffident of self-inductioti. 

Alteruating-curreat Circuits—Impedance, reactance, capadty reactance, inductance, 
power factor, synchronous machinery and power factor, frequency, skin 
ellect, E.M-F. and current, harmonic waves, resonance, bimtiug, surging, 

etc.. 

Aitemating-cuirenl generators and motots. 

Altproating-curreot transformers and converting machines .... 
^eoeratiag costs, etc., lifts and other plant . . 

iKMEoary batterltt and stationary accumulators. 

Accumulators for vehides, batt^ vehides and boosters. 

Electric furnaces and electro-chemistry .... ... 

J Hm>(na ilon of streets, factories, iiouses, etc. 

'Incandescent and arc lamps. ... 

tfractioD— 

* Regulations, “ B.O.T.” re Tramways and Trackless. 

. ,. Metropolitan Motor Cmriages. 

Speea conversion and gradient tables. 

Adhesion, acceleration, energy of rotation, tractive force and H.P., kinetic energy, 

time, speed, and energy, etc., calcinations. 

Car services and stock requii^ lor s^vices. 

Tramcars—Controllers, brakes, capadty and size, calculated size of motors, con- 

L suiAtion, etc.. 

^rfflMBys^Bermaneot way, poles, rails, bonding of rails, voltage drop in rails, over¬ 
head equipmeat, cost of systems, etc.. 

Trackless a. id ouer road motor vemdes. 

!Wlway»— 

(MnMona governing size of locomotives and rolling stock .... 

force, train resistance, and acceleration. 

^ Notes on practice, locomotive types and s^tems described .... 

Sub-stations and catenary construction, with costs. 

^ ^ Cost of electrification and operation of lines. 

list of Jbgulfttlons, etc., engloeering standards, and where obtainable . 

■ ".E. ^Ing Rules, 1916. 
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